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LAND  USE  RESOURCES 


CHAPTER  5 
LAND  USE 


INTRODUCTION 

The  land  use  study  was  conducted  by  Dames  &  Moore's  Environmental  Services  Group  as 
part  of  the  environmental  studies  for  the  proposed  Southwest  Intertie  Project  (SWIP).  This 
report  contains  the  inventory  and  impact  assessment/mitigation  planning  for  the  study 
corridors  and  related  facilities  between  Midpoint  Substation  near  Twin  Falls,  Idaho  and  a 
new  substation  site  in  the  Dry  Lake  Valley  north  of  Las  Vegas,  Nevada.  Study  corridors 
from  Ely,  Nevada  to  Delta,  Utah  were  also  considered  in  this  evaluation,  and  are  referred  to 
as  the  crosstie  routes. 

Dames  &  Moore  conducted  regional  environmental  studies  between  June  1988  and  April  1989 
for  the  SWIP  (D&M  April  1989)  to  identify  the  study  corridors  described  in  this  document 
and  compared  in  Draft  Environmental  Statement  (EIS). 

The  purpose  of  this  study  is  to  inventory  land  uses  and  to  assess  the  potential  land  use 
impacts  of  each  of  the  proposed  study  corridors,  substations,  series  compensation  stations, 
and  microwave  facilities.   The  inventory  team  compiled  data  for  land  uses  within  a  six-mile 
wide  study  corridor,  three  miles  on  each  side  of  the  assumed  centerline  of  each  alternative 
routing  segment  (link). 


Overview 

Over  2,000  miles  of  study  corridors  were  inventoried  and  assessed  to  site  the  transmission 
line  alternatives.   Siting  areas  for  substation  and  series  compensation  facilities  are  located  to 
accommodate  several  possible  alternative  routes. 

Three  alternative  substation  siting  areas  were  identified  in  the  vicinity  of  Ely,  Nevada. 
Another  three  alternative  substation  siting  areas  were  identified  for  study  in  the  vicinity  of 
the  Intermoimtain  Generating  Station  near  Delta,  Utah.   Additionally,  three  alternative  series 
compensation  station  siting  areas  were  identified  for  study  in  central  Elko  County,  Nevada. 
This  series  compensation  station  could  be  expanded  to  a  switching  station  (substation)  to 
accommodate  future  interconnections  in  this  area.  The  project  would  terminate  at  one  of  the 
sites  within  a  substation  siting  area  located  in  Dry  Lake  northeast  of  Las  Vegas,  Nevada. 
Environmental  and  engineering  constraint  maps  within  these  siting  areas  were  used  to 
identify  potentially  suitable  sites  for  substation  and  series  compensation  station  facilities 
within  the  siting  areas.   Land  use  impacts  were  assessed  for  each  of  the  alternative  sites 
identified  within  each  siting  area  (refer  to  DEIS  Map  Volume). 
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A  total  of  16  alternative  microwave  facilities  sites  have  been  identified  for  study.  These  sites 
are  located  near  the  transmission  line  corridors  on  tall  hills,  mountains,  or  other  highpoints 
and  would  provide  communications  for  the  control  of  the  substation  and  series  compensation 
facilities.  Several  of  the  sites  identified  for  potential  use  with  the  SWIP  are  currently 
developed  sites  with  roaded  access  and  power  in  place.  The  currently  undeveloped  sites  are 
proposed  to  be  solar-powered  and  accessed  for  construction  and  maintenance  by  helicopter. 

The  transmission  line  study  corridors  pass  through: 

•  agriculture  and  range  lands  in  the  Snake  River  Valley  of  Idaho 

•  sage-scrub  lands  in  flat  to  slightly  rolling  basii\s,  forested  mountains  and  desert 
valleys  in  eastern  and  southern  Nevada 

•  rugged,  rocky  mountain  ranges  and  wide,  flat  desert  basins  in  central  Utah. 

Study  corridors  pass  through  Jerome,  Gooding,  Lincoln,  and  Twin  Falls  counties  in  Idaho. 
Juab  and  Millard  counties  are  crossed  in  central  Utah.   In  Nevada,  study  corridors  cross  Elko, 
White  Pine,  Nye,  Lincoln,  and  Clark  counties. 

Ely,  Nevada  and  Wells,  Nevada  are  the  only  two  incorporated  communities  within  the  study 
corridors.   Other  unincorporated  communities  and  population  centers  include: 

•  Hansen,  Hagerman,  Kimberly,  and  Rogerson  in  Idaho 

•  Jackpot,  Contact,  and  Currie,  in  Nevada 

•  Eskdale,  Abraham,  and  Hinckley  in  Utah 

•  several  rural  agricultural  areas,  residential  subdivisions,  and  communes 

Some  of  the  major  land  uses  within  the  study  corridors  include  farms  and  ranches,  rural 
residences,  mines  and  mining  claims,  range  improvements,  energy  and  communication 
facilities,  and  recreation  preservation  areas.   In  addition  to  a  number  of  developed  recreation 
facilities  like  campgrounds  and  picnic  areas,  dispersed  recreation  activities  such  as  hiking, 
biking,  fishing,  hunting,  camping,  and  off-road  vehicle  use  occur  within  the  study  corridors. 


Issues 

Significant  land  use  issues  within  the  study  corridors  are  described  in  the  results  section  of 
this  document.   Land  use  effects  associated  with  the  construction  and  operation  of  the  SWIP 
include  potential  impacts  to: 

•  Residences  -  rural  residences  associated  agricultural  communities  in  Idaho, 
Nevada,  and  Utah. 

•  Agriculture  and  Improvements  -  rights-of-way  across  private  land,  direct  physical 
conflicts  with  feedlot  and  dairy  operations  (e.g.,  corrals,  holding  areas),  irrigation 
facilities,  etc. 
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•  Military  Operating  Areas  and  Restricted  Air  Space  -  tower  heights  represent 
potential  operational  conflicts  with  military  use  of  air  space 

•  Parks,  Recreation  and  Preservation  Areas  -  potential  degradation  of  Wilderness 
Study  Areas  (WSAs),  Areas  of  Critical  Environmental  Concern  (ACECs),  Natural 
Areas  (NAs),  Special  Recreation  N4anagement  Areas  (SRMAs)  and  other  special 
management  areas,  potential  conflicts  with  Hagerman  Fossil  Beds  National 
Monument  in  Idaho  and  Great  Basin  National  Park  in  Nevada 

•  National  Trails  -  potential  degradation  of  recreation  experience  sought  by  users  of 
the  Oregon  Trail,  Pony  Express  Trail  and  California  National  Study  Trail 

Study  Personnel 

Mr.  Gregory  Gault  was  the  principal  investigator  for  the  land  use  studies.   As  an 
environmental  planner  with  Dames  &  Moore,  he  has  managed  or  contributed  to  numerous 
land  use  studies  for  linear  facilities  in  the  West.   Mr.  Gault  has  participated  in  the  Arizona 
Interconnection  Project  345kV  EIS,  Austrop-McNeil  345kV  urban  transmission  line,  US 
Sprint's  El  Paso-Rialto  fiber  project  Environmental  Assessment  (EA),  MCTs  Las  Vegas-Rialto 
fiber  optic  EA,  and  AT&T's  Flagstaff-Las  Vegas  fiber  optic  lines,  and  Conda-Pocatello 
phosphate  slurry  pipeline  in  Idaho.   Mr.  Gault  has  a  Bachelor's  degree  in  Landscape 
Architecture  from  Texas  A&M  University. 

Mr.  Paul  Trenter  collected  and  analyzed  land  use  data  for  the  inventory  phase  of  this  project. 
He  recently  contributed  to  the  Coronado  to  Ambrosia  345kV  transmission  line  EIS,  the 
Questar  pipeline  EA,  and  the  Conda  to  Pocatello  pipeline  EA.   Also  he  has  recently 
completed  a  rehabilitation  plan  for  80  miles  of  fiber  optic  line  through  three  national  forests 
in  Arizona.   Mr.  Trenter  has  a  Bachelor's  degree  in  Landscape  Architecture  from  the 
University  of  Wisconsin. 

Mr.  Brian  Strand  also  served  as  a  planner  for  the  land  use  resources  study.  His 
responsibilities  included  assisting  with  data  inventory  and  agency  contacts.   He  has  recently 
completed  a  visual  mitigation  study  and  rehabilitation  plan  for  the  Forest  Service  (FS)  in 
Utah  for  a  multi-state  gas  pip>eline.   Mr.  Strand  has  a  Bachelor's  degree  in  Landscape 
Architecture  from  the  University  of  Idaho  and  is  a  licensed  landscape  architect  in  Idaho. 

Mr.  Geoffrey  Pool,  also  with  a  Bachelor's  degree  in  Landscape  Architecture  from  the 
University  of  Idaho,  assisted  the  land  use  resource  team  with  data  collection,  mapping,  field 
review,  and  agency  contacts. 


5-3 


INVENTORY 
Methods 

The  goal  of  the  land  use  inventory  was  to  identify,  map,  describe,  and  document  all  the 
existing,  planned,  and  designated  land  uses  within  the  vicinity  of  the  transmission  line  study 
corridors.   Detailed  data  inventories  were  compiled  to  facilitate  assessing  the  potential  land 
use  impacts  from  the  constructing  and  operating  of  the  SWIP  SOOkV  transmission  line. 

Initially,  base  maps  were  prepared  from  1:100,000  scale  U.S.  Geological  Survey  (USGS)  metric 
series  topographic  maps.  Data  from  the  regional  land  use  study  and  other  environmental 
studies  in  the  region  were  reviewed,  refined,  and  updated.   Existing  maps  from  a  variety  of 
sources  were  collected  and  included  in  the  inventory,  as  appropriate.   Federal  agency 
resource  management  and  planning  documents  were  reviewed  for  applicable  data  and  land 
management  regulations  and  policies. 

Following  this  initial  step  in  the  inventory,  key  federal,  state,  and  local  land  and  resource 
management  agencies  were  again  contacted  to  update  information  and  to  solicit  further 
input.  These  data  were  compiled  and  mapped. 

Mapped  data  were  transferred  to  mylar  sheets  for  digitizing  into  Dames  &  Moore's 
geographic  information  system  (GIS).   The  mylar  sheets  were  formatted  to  each  of  the 
l:100,000-scale  base  maps.   Mylar  was  used  because  it  is  a  stable  medium  for  digitizing  (e.g., 
resists  shrinking  and  swelling  with  temperature  and  humidity). 

The  studies  used  satellite  imagery  to  identify  and  more  accurately  assess  surface  land  uses 
and  land  cover  types.   Imagery  from  the  Landsat  Thematic  Mapper  (TM)  satellite  and  SPOT 
Satellite  Corporation's  Panchromatic  sensor  were  used  extensively  for  the  SWIP,  both  in 
digital  and  hardcopy  forms.  These  satellites  measure  the  reflectivity  of  the  earth's  surface  for 
seven  bands  of  the  light  spectrum.   False-color  infrared  composite  images,  similar  to  infrared 
aerial  photography,  are  computer  enhanced  images  prepared  from  digital  Thematic  Mapper 
satellite  data. 

In  addition  to  the  false-color  infrared  composite  images,  the  digital  data  were  computer- 
classified  into  land  cover  types  including  land  uses,  vegetation  cover,  water  bodies,  riparian 
areas,  and  other  physical  features  (also  refer  to  the  Objectives,  Procedures,  and  Results 
Technical  Report).  Once  these  digital  land  cover  data  were  loaded  into  the  GIS,  it  was  used 
for  modeling  impacts  with  other  land  use  information.   Further,  the  classified  images  were 
produced  in  photographic  form  as  1:100,000  scale  color  images  that  match  the  scale  of  the 
base  map  for  additional  visual  interpretation. 

A  set  of  high  resolution  imagery  from  SPOT  Satellite  Corporation  Panchromatic  sensor  was 
acquired  and  produced  in  black  and  white  photographic  form  at  1:24,000  scale.   This  imagery 
was  used  in  conjunction  with  USGS  7  1/2  minute  quadrangle  maps  to  field  verify  and  record 
the  locations  of  residences,  structures,  and  other  surface  patterns  that  indicate  the  land  uses 
within  the  study  corridors.   Residence  locations  were  then  digitized  into  GIS.  The  SPOT  hard 
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copy  images  were  used  extensively  during  ground  and  aerial  reconnaissance  of  the  study 
corridors.  The  SPOT  satellite  imagery  was  used  only  in  the  northern  study  corridors.   For 
the  portion  of  the  project  from  Ely  to  Dry  Lake,  residences  and  other  structures  were  mapped 
using  a  computer-based  device  mounted  in  an  aircraft  that  recorded  latitude/longitude 
locations  during  overflights  of  the  new  study  corridors. 

Study  Components 

The  land  use  study  was  divided  into  five  major  components  to  facilitate  the  inventory  and 
analysis  of  surface  land  uses,  legislative  designations,  and  land  management  policies  that 
occur  within  the  study  corridors: 

•  land  jurisdiction 

•  existing  and  planned  land  uses 

•  parks,  recreation  and  preservation 

•  transportation  and  access 

•  mining  claims  and  extractive  uses 

The  land  jurisdiction  component  identifies  the  primary  owner  or  administrator  of  all  the 
lands  crossed  by  study  corridors.  The  individual  holdings  of  private  land  owners  were  not 
specifically  identified. 

For  the  existing  and  planned  land  uses  component  the  study  team  identified  all  the  physical 
surface  uses  and  legal  designations  by  the  landowner  or  administrator.   Planned  land  uses 
are  those  uses  of  land  to  be  carried  out  in  the  future  or  as  guided  by  city  or  county 
comprehensive  plans.   Planned  uses  of  state  and  federal  lands  are  typically  guided  by 
resource  management  plans. 

The  parks,  recreation,  and  preservation  component  identifies  areas  where  the  established  or 
proposed  land  use  is  primarily  for  recreational  enjoynnent  or  to  protect  and  preserve  a 
valuable  environmental  resource.   Most  of  these  areas  are  managed  by  federal,  state,  or  local 
governmental  agencies  for  public  use. 

The  transportation  and  access  component  identifies  the  existing  network  of  access  to  the 
lands  in  the  study  corridors,  from  four-wheel  drive  trails  to  interstate  highways.   As  the 
majority  of  resource  impacts  from  transmission  line  development  are  directly  related  to  the 
land  area  disturbed  during  construction,  this  component  is  critical  to  the  assessment  of 
environmental  impacts  for  all  the  resource  studies. 

The  last  component  is  mining  claims  and  extractive  land  uses.   A  mining  claim  is  a  legal 
designation  of  the  land  that  implies  some  future  potential  for  the  extraction  of  minerals  or 
patent  into  private  ownership  by  some  private  or  corporate  entity.   Mines  can  be  developed 
from  mining  claims,  however  many  claims  are  never  developed. 
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Data  Collection 
Secondary  Data  Sources 

Ouring  the  Phase  1  regional  study,  numerous  contacts  with  federal,  state,  regional,  county, 
and  local  governmental  agencies  and  organizations  were  made  to  solicit  public  input  as  part 
of  the  scoping  process  (refer  to  the  SWIP  Regional  Environmental  Study,  1989).   Many  of 
these  contacts  provided  land  use  data. 

During  the  Phase  n  corridor  studies,  all  agencies  and  organizations  directly  affected  by  any 
of  the  study  corridors  were  again  contacted  to  refine  the  detail  of  the  land  use  database. 
Contacts  were  established  by  telephone,  letter,  or  personal  interview  to  collect  and  verify 
specific  land  use  data. 

The  baseline  data  for  the  land  use  study  were  gathered  from  published  public  dociiments, 
maps,  agency  resource  management  plans,  environmental  impact  statements,  development 
reports,  pamphlets,  brochures,  and  other  sources.   Data  were  field  verified  by  aerial  and 
ground  reconnaissance.   Data  for  land  designations  without  surface  expressions  (e.g., 
management  designations)  were  verified  by  cross-check  of  multiple  references  whenever 
possible.   A  comprehensive  list  of  all  data  sources  is  provided  in  the  references  of  this  report. 

Field  Verification 

Field  investigations  for  the  corridors  from  Midpoint  Substation  to  Ely,  Nevada  and  to  Delta, 
Utah  were  conducted  for  existing  land  uses  between  June  and  November  1989.   Initially,  the 
SPOT  satellite  images  were  reviewed  and  interpreted.   Land  uses  identified  on  the  SPOT 
imagery  were  confirmed  by  the  land  use  team  during  a  series  of  aerial  reconnaissance  flights. 
For  the  corridors  south  of  Ely,  Nevada  to  Dry  Lake  the  field  studies  were  done  during  June, 
1990  and  September  1991. 

The  locations  of  residences  and  other  structures  in  the  study  corridors  were  recorded  on  the 
SPOT  images  during  these  flights.   Data  compiled  from  secondary  sources  were  also  verified 
during  overflights,  for  land  lises  with  visibly  apparent  surface  expressions.   In  addition,  areas 
at  the  fringe  of  urban  developments  or  in  agricultural  areas  were  surveyed  through  field 
reconnaissance  to  verify  specific  locations. 

Videotape  docimientation  was  used  on  both  aerial  and  ground  field  reconnaissance  to  further 
supplement  land  use  data  compiled  on  maps  and  satellite  imagery. 
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Data  Categories  and  Themes 

Land  Jurisdiction 

Land  jurisdiction  refers  to  the  limits  of  administrative  authority  maintained  by  a  federal, 
state,  or  local  governmental  agency  or  organization.  Jurisdiction  does  not  necessarily  imply 
land  ownership.  For  example,  privately  owned  lands  may  be  subject  to  a  local  authority  like 
a  county  or  municipality.  Also,  private  land  owners  were  not  individually  identified,  but 
were  grouped  together  under  "private  lands." 

The  boimdaries  of  land  jurisdiction  and  ownership  were  identified  and  delineated  from 
Bureau  of  Land  Management  (BLM)  surface  management  status  maps.  National  Forest  maps, 
covmty  and  municipal  maps,  and  master  title  plats.   Three  categories  of  jurisdiction 
inventoried  within  the  study  corridors  are  listed  below.   Following  this  list  are  descriptions  of 
each  of  the  data  themes: 

•  Federal 

Public  Land  (USDI  Bureau  of  Land  Management) 

National  Forest  (USDA  Forest  Service) 

National  Park  Service 

USDI  Fish  and  Wildlife  Service  Withdrawals 

US  Department  of  Defense  Withdrawals 

USDI  Bureau  of  Reclamation  Withdrawals 

Federal  Energy  Regulatory  Commission  Power  Site  Withdrawals 

•  State 

Idaho  Trust  Lands 
Nevada  Trust  Lands 
Utah  Trust  Lands 

•  Other 

Incorporated  Area  (city  or  community) 
Unincorporated  Area  (county) 
Private  (county) 
Indian  Reservations 

Public  Land  -    The  management  authority  for  aU  lands  administered  by  the  BLM  was 
established  by  the  Federal  Land  Policy  and  Management  Act  of  1976  (FLPMA).  This  act 
allows  multiple  use  and  sustained  yield  of  lands  in  accordance  with  BLM  resource 
management  plans.   While  any  number  of  agreements  may  exist  upon  these  lands,  including 
lease  agreements,  management  responsibility  agreements  or  policies,  no  attempt  was  made  in 
this  study  to  identify  specific  parcels  affected  by  these  agreements  except  grazing  allotments. 

FLPMA  states:  "It  is  the  policy  of  the  United  States  that  the  public  lands  be  retained  in 
Federal  ownership,  unless  as  a  result  of  the  land  use  planning  procedure...  it  is  determined 
that  disposal  of  a  particular  parcel  will  serve  the  national  interest."  The  Secretary  of  the 
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Interior  determines  which  public  lands  should  be  disposed  of  or  retained  for  multiple  use 
management.   Lands  available  for  disposal  can  be  exchanged  for  state,  county,  municipal,  or 
private  lands.  The  Federal  Land  Exchange  Program  allows  the  BLM  to  consolidate  their 
lands  to  facilitate  the  enhancement  of  management  strategies.   Lands  available  for  disposal 
can  also  be  sold  or  disposed  of  through  Desert  Land  Entry,  Recreation,  and  Public  Purpose, 
and  other  laws. 

National  Forest  -  The  Multiple  Use  Sustained  Yield  Act  of  1960  established  the  authority  of 
the  Forest  Service  (FS)  to  administer  and  nunage  National  Forests  for  outdoor  recreational 
uses,  range,  timber,  watershed,  and  wildlife  purposes.  The  establishment  and  maintenance  of 
Wilderness  areas  are  consistent  with  the  purposes  and  provisions  of  the  Wilderness  Act 
(1964)  which  declares  that  the  various  renewable  resources  of  the  National  Forests  are  to  be 
used  in  combinations  that  best  meet  the  needs  of  the  American  people.   Congress  further 
strengthened  this  multiple-use  concept  with  the  passage  of  the  National  Environmental 
Policy  Act  of  1969  (NEPA)  and  the  National  Forest  Management  Act  of  1976  (NFMA). 

National  Park  Service  Withdrawals  -  National  Parks  and  National  Monuments  are  lands 
withdrawn  from  the  public  domain  by  Congress.  The  National  Park  Service  (NPS), 
administers  these  withdrawals  to  protect  and  preserve  natural,  scenic,  cultural,  historic  and 
geologic  resources  for  present  and  future  generatior\s. 

Fish  and  Wildlife  Service  Withdrawals  -  National  wildlife  refuges,  ranges,  and  areas  are 
part  of  the  National  Wildlife  Refuge  System  and  are  under  the  jurisdiction  of  the  Fish  and 
Wildlife  Service  (FWS).  Use  of  these  lands  must  be  compatible  with  their  primary  purpose, 
which  is  typically  the  propagation  and  preservation  of  wildlife. 

U.S.  Department  of  Defense  Withdrawals  -  Lands  withdrawn  from  the  public  domain  for 
military  operatior\s  areas,  training  grounds,  facilities,  or  other  unique  management  purposes. 

USDI  Bureau  of  Reclamation  Withdrawals  -  Lands  withdrawn  from  the  public  domain  for 
power,  watershed  protection,  reservoirs,  flood  control,  water  resources  and  water-oriented 
recreation  purposes. 

State  Trust  Lands  -  The  Land  Department,  or  equivalent,  administers  state  lands  to  generate 
revenues  for  state-funded  programs  and  infrastructure  such  as  schools,  medical  and 
emergency  services,  and  highways.  In  Idaho  and  Utah,  most  townships  originally  contained 
two  to  four  sections  of  state  land,  usually  sections  2,  16,  31  and/or  36.  Idaho  has  exchanged 
some  of  these  lands  with  federal  or  private  lands  to  consoHdate  land  in  other  areas  for  some 
intended  purpose  or  to  better  facilitate  land  management.  Some  state  lands  have  been  sold 
into  private  ownership. 

Nevada,  under  the  Federal  Land  Exchange  Program,  has  consolidated  most  state  lands  in  the 
western  part  of  the  state.   Consequently,  the  only  Nevada  State  Trust  lands  identified  within 
the  study  corridors  are  associated  with  Cave  Lake  State  Park  and  Ward  Charcoal  Ovens  State 
Park. 

Incorporated  Areas  -  This  category  includes  all  cities,  towns  and  communities  that  as  a 
political  subdivision  of  the  state,  have  the  authority  to  plan  and  control  land  uses,  within  an 
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area  of  delineated  boundaries.  Under  the  authority  delegated  by  the  state,  local  governments 
exercise  control  over  development  of  land  through  project  planning,  zone  and  subdivision 
ordinances,  and  long-range  comprehensive  planning.   In  addition,  these  local  governments 
have  the  authority  to  annex  adjoining  private  land. 

Indian  Reservations  -  All  Indian  reservations  within  the  study  corridors  were  identified  and 
mapped.   These  areas  are  under  the  jurisdiction  of  the  Bureau  of  Indian  Affairs  and  the 
governing  body  of  each  tribe  (also  refer  to  Volume  IV  of  the  Technical  Reports  -  Cultural 
Resources). 

Unincorporated  Areas  -  All  lands  in  the  study  corridors  that  do  not  fall  imder  one  of  the 
above  jurisdictional  categories  are  inventoried  as  unincorporated  areas.  This  includes  small 
rural  communities,  dispersed  private  lands,  and  lands  owned  by  local  governments  or  school 
districts.   Unincorporated  areas  typically  fall  under  the  jurisdiction  of  counties. 

Existing  and  Planned  Land  Use 

Existing  and  planned  land  uses  include  all  the  various  surface  structures  and  improvements 
and  designations.  The  following  categories  describe  the  types  of  land  uses  identified: 

Residential  -  single-family  homes,  multi-family  dwelling  units  (apartments  and 
condominiums),  mobile  homes,  trailer  parks,  etc. 

Public  and  Quasi-Public  -  All  schools,  churches  and  cemeteries,  post  offices,  fire  and  police 
stations,  courthouses,  fairgrounds,  libraries,  water  treatment  and  sewage  disposal  facilities, 
and  other  municipal  utilities  were  inventoried  under  this  category. 

Aircraft  Operation  Areas  and  Facilities  -  There  are  typically  four  types  of  non-military  air 
facilities: 

•  public  airport  -  paved  runway  with  passenger  terminal  facilities  and  services 

•  public  airstrip  -  paved  runway  with  no  passenger  facilities,  emergency  facilities 
and  services  available  for  general  public  use 

•  private  airstrip  -  private  or  corporate  paved  or  unpaved  runway  without  facilities 

•  abandoned  airstrip  -  paved  or  unpaved  runway  showing  no  signs  of  use 

The  FAA  manages  the  airspace  in  the  vicinity  of  all  air  facilities  to  control  potential 
obstructions  to  aircraft  operations.   In  addition,  several  large  areas  of  airspace  in  the  western 
United  States  are  designated  as  Military  Operating  Areas  (MOAs)  or  Restricted  Air  Space. 
These  areas  are  used  by  military  aircraft  for  flight  training  and  tactical  operations. 

Commercial  and  Industrial  -  Commercial  land  uses  include  retail  stores,  service  stations, 
office  buildings,  bars,  restaurants,  motels,  and  other  businesses.  These  uses  occur  primarily 
in  or  near  urbanized  areas. 
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Industrial  land  uses  include  manufacturing  and  processing  facilities,  warehouses  and 
distribution  centers,  junkyards  and  landfills.   Electrical  transnussion  facilities  of  69kV  and 
above,  substations,  and  commercial  microwave  and  radio  tower  sites  were  also  included  in 
this  category. 

Agriculture  -  This  category  includes  all  forms  of  cultivation,  irrigated  and  non-irrigated,  from 
commercial  production  of  food  crops  to  cultivated  pasture.   Non-cultivated  areas  used  to 
graze  livestock  are  considered  range. 

Farmland  was  classified  as  either  "prime/imique"  or  "other"  farmlands.  The  prime/unique 
farmland  classification  includes  lands  designated  by  the  Soil  Conservation  Service  (SCS)  as 
"prime"  and  "additional  farmlands  of  statewide  importance."  Prime  farmland  is  defined  by 
the  SCS  as  land  that  has: 

•  the  best  combination  of  physical  and  chemical  characteristics  for  food,  fiber, 
forage  or  oilseed  crops 

•  adequate,  dependable  water  supply 

•  favorable  climate 

•  available  for  agricultural  use 

Farmland  of  statewide  importance  can  include  productive  farmland  that  does  not  meet  the 
criteria  for  the  prime  farmland  classification  (also  refer  to  Earth  Resources  technical  report  - 
Volume  n). 

Range  -  Range  is  primarily  open  lands  that  in  their  natural  condition  provide  habitat  for 
numerous  wildlife  and  flora  species,  and  includes  public  or  private  lands,  that  are  commonly 
used  to  graze  livestock.  The  BLM  and  FS  have  divided  the  majority  of  public  lands  into 
grazing  allotments,  administered  through  a  permit  process. 

Range  improvements  are  specific  land  uses  inventoried  within  this  category  such  as 
stocktanks,  water  wells,  windmills,  and  corrals.   Fences,  waterlines,  and  access  rights-of-way 
were  not  inventoried  for  the  study  corridors  because  these  uses  would  have  no  effect  on  a 
routing  decision  and  all  impacts  can  be  effectively  eliminated.   Impacts  to  uses  are  more 
appropriately  handled  through  stipulations  in  the  Construction,  Operation,  and  Maintenance 
Plan. 


Parks,  Recreation  and  Preservation 

The  parks,  recreation,  and  preservation  component  includes  all  areas  that  are  park  land 
designated  by  a  governmental  agency,  recognized  as  regionally  significant  recreational  sites, 
or  formally  designated  unique  or  undisturbed  natural  areas.   The  boundaries  of  parks, 
recreation,  and  preservation  areas  were  identified  through  a  review  of  a  variety  of  federal, 
state,  and  local  docimients  and  other  secondary  data  sources.   Recreation  facilities  and 
resources  were  field  verified  during  overflights  and  ground  reconnaissance  within  the  study 
corridors. 
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Wilderness  Area  -  Wilderness  areas  are  those  areas  included  in  the  National  Wilderness 
Preservation  System  as  authorized  by  the  Wilderness  Act  of  1964.  The  intent  of  the 
Wilderness  Act  is  to  preserve  lands  in  their  natural  state  for  the  use  and  enjoyment  of 
present  and  future  generations.   A  wilderness  is  defined  ".  .  .  as  an  area  where  the  earth  and 
its  community  of  life  are  imtrammeled  by  man,  where  man  himself  is  a  visitor  who  does  not 
remain."   More  specifically,  a  wilderness  must  meet  the  following  criteria: 

•  contain  no  permanent  improvements  or  human  habitation 

•  have  outstanding  opportunities  for  solitude,  or  a  primitive  and  unconfined  form 
of  recreation 

•  have  at  least  five  thousand  acres,  or  be  of  sufficient  size  so  that  it  is  feasible  to 
preserve  and  use  it  in  an  unimpaired  condition. 

Wilderness  areas  may  also  contain  ecological,  geological  or  other  features  of  scientific, 
educational,  scenic,  or  historical  value. 

The  stated  objectives  of  the  Forest  Service  wilderness  management  program  are  to  administer 
the  wilderness  for  recreational,  scenic,  scientific,  educational,  conservation  and  historical  uses, 
while  at  the  same  time  preserving  and  protecting  the  area's  wilderness  values.  Stated 
wilderness  values  are  opportimities  for  solitude,  physical  and  mental  challenge,  scientific 
study,  inspiration  ad  primitive  recreation.   In  keeping  with  the  spirit  of  wilderness  areas, 
uses  requiring  the  installation  of  any  permanent  structure  or  the  use  of  any  motorized  vehicle 
are  prohibited  unless  specifically  permitted  by  legislation. 

BLM  Wilderness  Study  Area  (WSA)  -  Section  603  of  the  Federal  Lands  Policy  and 
Management  Act  (FLPMA  1976)  requires  the  Secretary  of  the  Interior  to  review  areas  of 
public  lands  that  have  been  determined  to  have  wilderness  characteristics  and  to  report 
recommendations  as  to  the  suitability  of  each  area  identified  for  preservation  as  wilderness  to 
the  Secretary  of  the  Interior.  The  Secretary  reported  his  recommendations  to  the  President  by 
October  21,  1991,  and  the  President  is  required  to  report  his  recommendations  to  Congress  by 
October  21,  1993. 

To  implement  the  wilderness  mandate  of  the  FLPMA,  the  BLM  has  developed  a  three  phase 
process:   inventory,  study,  and  report. 

With  public  participation,  the  BLM  wilderness  inventory  identified  and  examined  public 
lands  that  meet  the  definition  of  wilderness  established  by  Congress.  The  areas  identified 
were  designated  as  Wilderness  Study  Areas  (WSAs).  This  inventory  was  completed  for  the 
western  United  States  in  November  of  1980. 

Each  WSA  was  studied  through  the  BLM  resource  management  planning  process  to  evaluate 
the  natural  resources,  values,  and  land  uses  within  the  area.   Again  with  public  participation, 
the  results  of  each  wilderness  study  were  used  to  determine  whether  the  area  is  suitable  for 
wilderness  designation  or  suitable  for  other  uses.  Study  results  and  recommendations  are 
reported  in  public  environmental  doctmnents  (Draft  and  Final  EIS).   Following  the  completion 
of  studies,  recommendations  for  each  WSA's  suitability  or  non-suitability  are  made  through 
the  Secretary  of  the  Interior  to  the  President. 
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Congress  requires  the  BLM  to  manage  lands  identified  as  WSAs  with  policies  and 
management  prescriptions  that  will  not  impair  their  suitability  for  wilderness  designation 
until  Congress  decides,  by  legislative  action,  whether  or  not  such  areas  will  be  designated  as 
wilderness. 

The  Interim  Management  Policy  for  WSAs  during  the  wilderness  review  process  states: 

•  The  BLM  will  manage  public  lands  so  that  other  resource  use  activities  may 
continue  with  minimum  interruption  during  the  wilderness  review  process. 

•  Lands  identified  as  WSAs  will  be  managed  in  accordance  with  the  law  to  prevent 
their  impairment  for  potential  wilderness  designation.  This  management  policy 
will  examine  the  impact  of  an  activity  on  the  land's  potential  for  wilderness 
designation,  rather  than  the  activity  itself,  to  determine  if  the  activity  will  be 
allowed  or  regulated. 

The  Interim  Management  Policy  is  temporary  and  applies  only  to  the  lands  within  the 
boundary  of  a  WSA  during  the  time  that  a  WSA  is  under  review  and  until  Congress  acts. 
WSAs  designated  as  Wilderness  will  be  managed  by  the  provisions  of  the  Wilderness  Act  of 
1964.   WSAs  that  are  not  designated  will  be  returned  to  multiple  use  under  general  BLM 
management  policies. 

BLM  Area  of  Critical  Environmental  Concern  (ACEC)  -  This  is  an  area  of  public  lands 
where  special  management  attention  is  required  to: 

•  protect  and  prevent  irreparable  damage  to  important  historic,  cultural,  or  scenic 
values 

•  protect  fish  and  wildlife  resources  and  other  natural  systems  or  processes 

•  protect  life  and  provide  safety  from  natural  hazards 

BLM  Special/Natural  Areas  -  Sinular  to  an  ACEC,  Special/Natural  areas  are  managed  to 
protect  unique  scenic,  geologic,  or  natural  resources  from  irreparable  damage.   FLPMA 
directed  BLM  to  provide  interim  protection  for  some  of  these  areas  similar  to  that  for  a  WSA. 
These  areas  became  known  as  Instant  Study  Areas  (ISAs).  Some  of  these  areas  are  currently 
WSAs  and  are  being  considered  for  Wilderness  designation. 

BLM  Special  Recreation  Management  Area  (SRMA)  -  Areas  of  frequent  dispersed 
recreational  use  that  may  or  may  not  include  developed  recreation  sites  are  designated 
SRMAs.   The  BLM  manages  these  areas  to  protect  recreation  values  from  damage  from  other 
noncompatible  activities  or  uses,  and  to  provide  signage,  interpretive  sites,  and  other  public 
facilities. 

BLM  Off-Road  Vehicle  (ORV)  Use  Areas-  The  BLM  designates  areas  for  ORV  use  on  public 
lands  as  open,  limited,  or  restricted.   Restricted  use  areas  are  closed  to  off-road  vehicle  use 
pennanently  or  seasonally  to  protect  sensitive  resources.   Limited  use  areas  allow  off-road 
vehicle  use  only  on  the  existing  network  of  roads  and  trails  on  public  lands.  Open  use  areas 
allow  general  overland  travel  of  off-road  vehicles. 
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Backcountry  Byway  -  The  ELM  designates  rural  scenic  routes  through  areas  with  unique 
historic,  cultural,  or  scenic  resource  values.   Designated  as  backcountry  byways,  these  scenic 
routes  usually  follow  paved  and/or  upgraded  unpaved  roads. 

National  Park  and  National  Monument  -  The  National  Park  Service  (NPS)  manages  and 
administers  unique  land  areas  withdrawn  from  the  public  domain  to  conserve  and  protect 
scenery,  natural,  geologic,  historic,  archeological  resources,  and  fish  and  wildlife.   Each  park 
or  monument  is  designated  by  an  act  of  Congress  to  protect  and  preserve  these  resources  for 
public  use  and  enjoyment,  and  to  perpetuate  them  for  future  generations. 

National  Trail  -  The  National  Trails  System  Act,  under  the  administration  of  the  NPS, 
created  four  types  of  trails: 

•  National  Recreation  Trails 

•  National  Historic  Trails 

•  National  Scenic  Trails 

•  National  Study  Trails 

The  land  use  inventory  included  all  existing  and  proposed  national  trails.   National 
Recreation  Trails  are  designated  by  the  Secretary  of  the  Interior,  while  National  Historic  and 
National  Scenic  Trails  require  designation  by  Congress.   All  these  traib  provide  recreation 
opportunities  for  public  enjoyment  of  scenic,  historic,  natural,  and  cultural  values  of  public 
lands. 

State  Park  -  The  Parks  and  Recreation  department  of  each  state  administers  a  number  of 
developed  recreation  sites  in  areas  with  some  unique  historic,  scenic,  natural,  or  cultural 
value.   Most  state  parks  provide  camping  facilities  and  picnic  areas,  interpretive  sites,  and 
other  recreational  facilities. 

Scenic  Route  -  In  1974  the  Federal  Highway  Administration  started  the  scenic  highway 
program,  which  allows  state  highway  departments  to  designate  scenic  highways. 

Wildlife  Management  Area  -  These  areas  are  designated  and  managed  by  state  Fish  and 
Wildlife  Departments.  Usually  located  in  areas  of  significant  wildlife  habitat,  this  designation 
protects  wUdlife  resources  and  provides  opportunities  for  studies  (also  see  the  Biological 
Resources  technical  report  -  Volume  11). 

City/Community  Park  -  This  category  includes  all  municipal  and  community  parks. 

Private  Recreation  Development  -  This  category  includes  commercial  campgrounds,  RV 
parks,  and  other  privately  owned  areas  where  recreation  is  the  primary  use. 


Results 

This  section  of  the  land  use  report  describes  the  land  uses  identified  within  the  study 
corridors.  The  descriptions  are  arranged  by  state.  The  Data  Table  Volumes  list,  mile  by  mile, 
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specific  land  uses  along  the  assumed  centerlines  of  each  of  the  study  corridors.   The  links 
listed  in  these  reports  (e.g..  Link  41),  are  part  of  the  network  of  study  corridors  from  which 
alternative  routes  were  assembled  and  compared  in  the  E>raft  EIS. 

Land  Jurisdiction 

The  primary  source  of  data  for  these  categories  were  BLM  land  surface  management  status 
maps.  Data  from  these  maps  were  updated  through  interviews  with  BLM  realty  specialists. 
The  following  sections  describe  the  land  jurisdictions  identified  within  the  study  corridors. 

The  land  jurisdictions  crossed  by  the  assumed  centerline  of  the  study  corridors  are  presented 
in  the  Data  Tables.  The  table  indicates  beginning  and  ending  mileposts  for  each  jurisdiction 
crossed,  the  length  of  crossing,  the  state  and  county,  and  the  ownership  or  administrating 
agency  of  the  lands  crossed. 

Idaho 

Eight  land  jurisdiction  categories  were  identified  within  the  transmission  line  study  corridors 
in  Idaho. 

Public  Land  -  Public  lands  administered  by  the  Bureau  of  Land  Management  (BLM) 
comprise  about  one-third  of  lands  crossed  by  the  study  corridors  in  Idaho.  These  lands  are 
managed  by  the  following  BLM  Districts:  Shoshone  District,  Burley  E>istrict  and  Boise  District. 

Only  one  known  land  exchange  affecting  public  lands  has  occurred  within  the  study 
corridors  in  Idaho.  The  Shoshone  District  has  exchanged  several  sections  of  land  located 
north  of  Wendell  along  Link  61  with  the  State  of  Idaho. 

National  Forest  Land  -  The  edge  of  the  study  corridor  on  Links  42,  43,  and  81  cross  the 
northwest  comer  of  the  Sawtooth  National  Forest,  which  is  approximately  two  miles  from  the 
assumed  centerlines  in  an  area  south  of  Twin  Falls,  Idaho. 

National  Park  Service  Lands  -  The  recently  designated  Hagerman  Fossil  Beds  National 
Monument  is  located  on  the  Snake  River  west  of  Hagerman.  This  new  national  monument  is 
the  only  land  area  under  NPS  jurisdiction  identified  within  the  study  corridors  in  Idaho. 
Links  63  and  64  pass  adjacent  to  the  boundary  of  the  monument. 

U.S.  Department  of  Defense  Withdrawals  -  Portions  of  two  small  military  reservations  were 
identified  within  the  study  corridors  in  Idaho.   One  reservation  lies  approximately  six  miles 
west  of  Buhl,  Idaho  at  the  edge  of  the  corridor  of  Link  64.  The  other  is  located  at  the  edge  of 
the  corridor  of  Link  41,  three  miles  south  of  Twin  Falls  Municipal  Airport. 

Bureau  of  Reclamation  Withdrawals  -  The  Bureau  of  Reclamation  manages  a  narrow  band 
of  land  along  most  of  the  length  of  Milner-Gooding  Canal,  which  has  been  withdrawn  from 
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the  public  domain  lands.  This  canal  passes  through  the  edge  of  the  corridor  of  Link  10  about 
two  miles  from  the  centerline.   Links  20  and  30  pass  adjacent  to  a  quarter  section  of  land 
near  Hunt  that  is  the  historic  site  of  the  Minidoka  Relocation  Center.   This  site  is  on  the 
National  Register  of  Historic  Places.  Refer  to  the  Cultural  Resources  Technical  Report  for  the 
site's  discussion  of  its  historic  significance  and  the  Visual  Resources  Technical  Report  for  a 
discussion  of  potential  visual  impacts  to  the  site. 

Idaho  State  Trust  Lands  -  Dispersed  sections  of  state  land  within  contiguous  BLM  lands, 
typically  sections  16  and  36  in  most  townships,  are  administered  by  the  Idaho  Department  of 
Lands.   In  some  townships,  these  sections  have  been  exchanged  for  BLM  or  private  land  in 
other  areas.  The  study  corridors  in  Idaho  would  affect  only  a  few  sections  of  state  land 
directly.   Also  refer  to  State  Parks  under  Parks,  Recreation,  Preservation  section  in  this 
document. 

Incorporated  Areas  -  Several  incorporated  communities  were  identified  within  the  study 
corridors  in  Idaho.   The  study  corridors  west  from  Midpoint  Substation  G^inks  61,  62,  63,  and 
64)  pass  within  a  few  miles  the  community  of  Hagerman  in  the  Snake  River  Canyon.   The 
study  corridors  east  from  Midpoint  Substation  (Links  41,  42,  43,  and  50)  encompass  the 
communities  of  Eden,  Hansen  and  Rogerson. 

Unincorporated  Areas  and  Private  Lands   Approximately  half  of  the  lands  crossed  by  study 
corridors  in  Idaho  are  private.   Rural  private  lands  and  other  imincorporated  areas  fall  under 
the  jurisdiction  of  the  counties.   The  transmission  line  study  corridors  pass  through  the 
counties  of  Twin  Falls,  Shoshone,  Gooding,  Jerome,  and  Lincoln. 


Nevada 

Seven  land  jurisdiction  categories  were  identified  within  the  transmission  line  study  corridors 
in  Nevada. 

Public  Land  -  The  BLM  Elko,  Ely,  and  Las  Vegas  Districts  administer  the  vast  majority  of  the 
lands  within  the  study  corridors  in  Nevada.   No  land  exchanges  with  state  or  private  land 
are  planned  for  any  of  the  public  lands  located  within  the  study  corridors. 

National  Forest  Lands  -  The  Study  corridors  affect  only  one  National  Forest  in  Nevada. 
Links  380  and  390  cross  the  Humboldt  National  Forest  in  the  Schell  Creek  Range,  located 
southeast  of  Ely,  Nevada.   Portions  of  two  other  pieces  of  the  Humboldt  National  Forest  are 
crossed  by  the  edge  of  Link  460  in  the  Snake  Range  southeast  of  Ely,  and  Links  380  and  390 
in  the  Schell  Creek  Range  southeast  of  Ely. 

National  Park  Service  Land  -  Great  Basin  National  Park,  designated  by  Congress  on  October 
27,  1986,  is  the  only  area  identified  within  the  study  corridors  under  NFS  jurisdiction. 

In  the  General  Management  Plan  now  being  reviewed  by  the  public  for  the  park,  several 
wayside  interpretive  facilities  will  be  identified  outside  of  the  park  boundaries.  The 
anticipated  locations  for  the  four  interpretive  facilities  have  been  discussed  with  NPS  officials 
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and  are  mapped  in  the  inventory.   A  new  visitor  center  is  proposed  for  Great  Basin  National 
Park.   A  preferred  location  will  be  selected  during  the  General  Management  Plan  process. 

U.S.  Department  of  Defense  Withdrawals  -  The  Wendover  Air  Force  Auxiliary  Field  is  the 
only  miUtary  withdrawal  identified  within  the  study  corridors  in  Nevada.  Several  of  the 
study  corridors  cross  areas  where  the  military  has  jurisdiction  of  the  air  space  (also  refer  to 
Aircraft  Operation  Areas  and  Facilities).  The  study  corridors  would  also  pass  around  the 
southern  end  of  the  Wayne  Kirch  Wildlife  Management  Area  in  the  southern  portion  of  the 
state.   Here  the  corridors  would  cross  through  and  enter  several  military  operating  areas 
(MOAs)  in  Dry  Lake  Valley  and  Delamar  Valley.   Nellis  Air  Force  Base  conducts  flight 
training  in  the  Reveille  MOA  ainks  670,  671,  672),  the  Caliente  MOA  (Links  671,  673,  675, 
690),  and  the  Sally  Corridor  MOA  (Links  690,  700). 

Nevada  State  Trust  Lands  -  The  only  lands  under  Nevada  state  jurisdiction  within  the  study 
corridors  are  a  state  park  and  a  state  historic  site.   Both  areas  are  located  off  U.S.  Highway  93 
south  of  Ely.   Cave  Lake  State  Park  is  nestled  in  the  foothills  of  the  Schell  Creek  Range  west 
of  Links  380  and  390.  Ward  Charcoal  Ovens  State  Historic  Site,  in  the  Ward  Mining  District, 
is  located  at  the  base  of  the  Egan  Range  near  the  north  edge  of  Link  360. 

National  Trail  -  Portions  of  the  Pony  Express  Trail  are  crossed  by  Links  263,  264  and  291. 
The  Pony  Express  Trail  is  proposed  for  designation  as  a  National  Historic  Trail.  Refer  also  to 
the  Cultural  Resources  Technical  Report  for  a  discussion  of  its  historic  significance  and  to  the 
Visual  Resources  Technical  Report. 

Incorporated  Areas  -  Two  incorporated  areas.  Wells  and  Ely,  are  located  within  the  study 
corridors  in  Nevada. 

Unincorporated  Areas  and  Private  Lands  -  Unincorporated  communities  within  the  study 
corridors  in  Nevada  include  Jackpot,  Contact,  Currie,  Oasis,  McGill,  and  Lages  Station. 
Private  lands  and  other  unincorporated  areas  are  under  the  jurisdiction  of  Elko  and  White 
Pine  counties. 

Indian  Reservations  -  The  Moapa  Indian  Reservation  is  crossed  within  the  study  corridor  in 
Nevada.  The  reservation  is  located  in  Clark  Coimty,  Nevada  and  affects  Links  760,  770,  780, 
and  790.  The  reservation  is  under  the  jurisdiction  of  the  Moapa  Band  of  the  Paiute  and  the 
Bureau  of  Indian  Affairs. 


Utah 

Seven  land  jurisdiction  categories  were  identified  within  the  transmission  line  study  corridors 
in  Utah. 

Public  Land  -  The  BLM  administers  the  vast  majority  of  the  lands  within  the  study  corridors 
in  Utah.  These  lands  are  managed  by  the  Warm  Springs  Resource  Area  and  the  House 
Range  Resource  Area  of  the  Richfield  District.  No  land  exchanges  with  state  or  private  land 
are  planned  for  any  of  the  land  within  the  study  corridors. 
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U.S.  Department  of  Defense  Withdrawals  There  were  no  military  withdrawals  identified 
within  the  study  corridors  in  Utah.   However,  several  of  the  study  corridors  cross  areas 
where  the  military  has  jurisdiction  of  the  air  space.  These  areas  are  managed  by  Hill  Air 
Force  Base.  The  above-ground-limit  for  Restricted  Area  R-6405  (Link  630)  is  100  feet.  The 
Gandy  (Links  265  and  266),  Sevier  A  ainks  267,  461  and  462)  and  Sevier  B  ainks  450,  462, 
470,  480,  490,  500,  510,  520,  540,  550,  560,  571,  572,  590,  630,  640  and  650)  Military  Operating 
Areas  all  have  an  above-ground-limit  of  200  feet. 

Utah  State  Trust  Lands  For  the  areas  of  central  Utah  crossed  by  study  corridors,  the  state 
typically  administers  sections  2,  16,  32,  and  36  in  the  majority  of  townships. 

Incorporated  Areas  The  community  of  Delta  is  the  only  incorporated  area  within  the  study 
corridors  in  Utah. 

Unincorporated  Areas  and  Private  Lands   Most  private  lands  in  Utah  are  located  near  Delta 
and  Eskdale.  These  lands  and  any  unincorporated  areas  fall  imder  the  jurisdiction  of  Juab  or 
Millard  counties. 


Existing  and  Planned  Land  Use 


The  inventory  results  described  in  this  section  are  shown  in  the  Map  Volume  and  are  listed 
in  the  Data  Tables. 


Idaho 

Residential  -  The  residential  category  includes  all  dwellings,  occupied  and  imoccupied, 
located  within  the  transmission  line  study  corridors.   Residences  occur  throughout  the  study 
corridors,  but  are  found  in  greater  concentrations  along  major  transportation  corridors. 
Residences  inventoried  within  the  study  corridors  in  Idaho  were  classified  by  the  following 
densities: 

Density  (du/section)  Links  Geographic  Location 

1  or  less  all  dispersed  throughout 

study  corridors 

2-9  41, 64  dispersed  agriculture  in 

valleys  of  foothills  south  of 
the  Snake  River  and  areas 
west  of  Salmon  FaUs  Creek 

10-49  10,  20,  30,  41,  42,  43,        dei\se  agriculture  areas 

61,  and  62  between  small 

communities  of  the  Snake 
River  Valley 
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Density  (du/section) 


Links 


Geographic  Location 


50+  none 

multi-family  residential  none 

trailer  (mobile  home)  park  41 


none  identified 

none  identified 

trailer  park  in  Hansen, 
other  dispersed  rural 
mobile  homes 


urbanized  area 


30,  41,  61,  64 


urban  residences  mixed 
with  commercial  and 
public  uses  in  Eden, 
Hagerman  and  Hansen 
Public  and  Quasi-Public  -  A  nim^ber  of  schools  and  churches  are  located  one  mile  or  more 
from  the  centerline  of  the  study  corridors  in  the  vicinity  of  the  communities  of  Eden  (Link 
40),  Hansen  (Link  41),  and  Hagerman  (Link  61).   Several  cemeteries  are  also  located  in  or 
near  these  communities.  Governmental  facilities  within  these  commimities  include  post 
offices,  fire  stations,  and  municipal  buUdings. 

Aircraft  Operation  Areas  and  Facilities  -  Airports  and  airstrips  located  within  six  miles  of 
the  nearest  study  corridor  centerline  were  inventoried  in  accordance  with  Federal  Aviation 
Administration  (FAA)  regulations. 

Public  Airports  -  Twin  Falls  and  Gooding  Municipal  Airports  are  located  outside  the 
study  corridors 

Public  Airstrips  -  four  public  airstrips  with  paved  runways  and  without  passengers 
facilities  are  located  in  the  vicinity  of  the  communities  of  Buhl,  Jerome,  Hazelton  and 
Shoshone 

Private  Airstrips  -  four  unpaved  airstrips,  used  mostly  by  agriculture  cropdusting 
operations,  are  located  within  the  study  corridors  (Links  40,  41,  64) 

The  extent  of  clear  zones  were  determined  for  all  the  airports  and  airstrips  within  the  study 
corridors  using  an  assumed  average  transmission  line  tower  height  of  120  feet  and  the  FAA 
prescribed  glide  path  ratios  for  each  of  the  air  facility  types.  The  FAA  will  make  specific 
determinations  of  interference  of  clear  zones  following  their  receipt  of  the  Notice  of  Intent  if 
the  study  corridor  chosen  for  construction  crosses  a  specified  clear  zone. 

Agricultural  Aircraft  Operations  -  Transmission  lines  and  towers  present  difficulties  to  aerial 
applications  and  increase  additional  costs  to  farmers.  These  structures  are  obstacles  and 
hazards,  particularly  at  night,  to  aircraft  performing  aerial  application  of  pesticides,  and 
fertilizers.   Additional  amounts  of  pesticides  needed  to  cover  these  areas  around  structures 
are  charged  directly  to  the  farmer. 

No  military  operating  areas  or  airspace  was  identified  within  the  study  corridors  in  Idaho. 
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Commercial  and  Industrial  -  Commercial  land  uses  are  generally  located  in  or  around  the 
small  communities  previously  mentioned  within  the  study  corridors.  These  include  general 
stores,  service  stations,  bars,  restaurants,  motels  and  agricultural  cooperatives.  Some  isolated 
commercial  uses,  such  as  stores/service  stations,  restaurants  and  motels,  are  located  along 
U.S.  Highway  93. 

Industrial  land  uses  within  the  study  corridors  include  several  sand  and  gravel  operations, 
and  welding  and  equipment  repair  shops  along  the  base  of  the  foothills  along  Link  41. 

Three  hydroelectric  dams  are  located  on  the  Snake  River  within  the  study  corridors  of  Links 
61  and  64  in  the  vicinity  of  Hagerman.  Another  hydroelectric  facility  is  located  on  the  Little 
Wood  River  in  Malad  Gorge  (Link  61). 

Linear  Facilities  -  The  study  corridors  cross  five  electrical  transmission  lines,  numerous 
subtransmission  and  distribution  lines,  and  other  utility  features.   Idaho  Power  Company 
(IPCo)  owns  and  operates  two  230kV  transmission  lines  and  four  138kV  lines  crossed  by 
Links  61  and  64.   The  IPCo  Midpoint  to  Valmy  345kV  transmission  Une  is  paralleled  by  Links 
41,  42,  43,  50,  71,  72, 101,  102, 110  and  130.   Links  70,  72,  101,  102,  110  and  130  also  parallel 
the  IPCo  Upper  Salmon  to  Wells  138kV  transmission  line.   Three  gas  pipelines  (Link  640)  and 
two  oil  pipelines  (Links  41  and  64)  are  also  crossed.  Two  major  electrical  substations,  several 
minor  substations,  and  a  number  of  water  pumping  stations  were  inventoried  within  the 
study  corridors. 

Agriculture  -  Approximately  half  of  the  lands  crossed  by  the  study  corridors  in  Idaho  fall 
into  this  category.   The  high-desert  lands  of  the  Snake  River  Valley  are  fertile  and  productive 
when  irrigated.   Many  of  the  lands  crossed  in  Idaho  are  classified  as  prime  or  important 
farmland  by  the  SCS.   Refer  also  to  Soils  in  the  Earth  Resources  Technical  Report  (Volume  H) 
for  additional  information. 

The  Milner-Gooding  Canal,  Main  Canal,  and  nimierous  smaller  distribution  canals  irrigate 
the  lands  crossed  by  the  study  corridors  in  Idaho.   Irrigation  types  used  include  gravity  or 
flood,  wheel  line,  hand  line,  and  center  pivot  systems.  Some  dry  land  farming  occurs  in  the 
foothills  area  east  of  Rogerson.   A  number  of  dairies,  feedlots,  and  stockyards,  inventoried  as 
agricultural  uses,  are  dispersed  among  the  cultivated  areas  crossed  by  the  study  corridors. 

Range 

Most  of  the  BLM  lands  crossed  in  Idaho  are  vast  open  range  lands  that  provide  wildlife 
habitat,  and  grazing  for  livestock   In  addition,  most  of  the  private  and  state  lands  are  also 
open  range.   Range  improvements  are  dispersed  throughout  the  range  areas.  The 
improvements  inventoried  within  the  Idaho  study  corridors,  include  corrals,  water  tanks, 
water  wells,  windmills,  and  stock  tanks. 

Range  lands  in  the  region  have  been  divided  into  grazing  allotments  by  the  BLM  to  facilitate 
management  of  the  land  for  public  livestock  grazing.  The  Data  Tables  identify  the  total 


5-19 


number  of  acres  of  each  allotment,  and  the  number  of  acres  that  would  be  disturbed  within 
each  allotment  by  the  study  corridors. 


Nevada 

Inventory  data  results  described  in  following  section  are  shown  on  the  Map  Volume. 

Residential  -  As  discussed  in  the  Idaho  section  of  this  report,  residences  occur  throughout 
the  study  corridors,  with  the  major  concentrations  found  along  the  major  transportation 
corridors.  The  following  table  shows  which  links  have  the  greatest  densities  of  dwelling 
units  (du).  The  residential  category  includes  all  dwellings,  occupied  and  unoccupied,  located 
within  the  study  corridors.   Residences  identified  within  the  study  corridors  in  Nevada  were 
classified  in  the  following  density  categories: 


Density  (du/section) 

Links 

Geographic  Location 

1  or  less 

all 

dispersed  throughout  study 
corridors 

2-9 

292,  350,  370 

Steptoe  Valley,  east  and  wes 
of  Hercules  Gap 

10-49 

350,  370 

north  of  Ely  and  Hercules 
Gap  area 

50+ 

370 

new  subdivision  in  East  Ely 
adjacent  to  industrial  park 
and  existing  subdivisions  in 
Ely 

multi-family  residential  370, 170 


trailer  (mobile  home)  Park      211,  223,  370 


apartment  developments  in 
Ely  and  Wells 

trailer  parks  in  Oasis  and 
Ely,  other  dispersed  rural 
mobile  homes 


urbanized  area 


71,  72,  91,  170,  241, 
292,  370 


urban  residences  mixed  with 
commercial  and  public  uses 
in  Jackpot,  Wells,  Currie, 
McGill,  and  Ely 
Public  and  Quasi-Public  -  Several  schools  and  churches  are  located  one  mile  or  more  from  study 
corridor  centerlines  in  the  vicinity  of  the  communities  of  Jackpot,  Contact,  and  Wells.   Several 
cemeteries  are  also  located  in  or  near  these  commuiuties. 


Ely  Maximum  Security  Prison  is  located  within  Link  350  in  the  valley  west  of  Hercules  Gap.  The 
fairgrounds  are  located  outside  of  East  Ely,  off  U.S.  Highway  93,  and  a  public  golf  course  is 
located  near  the  community  of  Jackpot. 
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Aircraft  Operation  Areas  and  Facilities  -  Airports  and  airstrips  located  within  six  niiles  of  the 
nearest  transmission  line  study  corridor  centerline  were  inventoried  in  accordance  with  FAA 
regulations. 

Public  Airports  -  Yelland  Airfield  near  Ely  is  the  only  public  airport  within  the  study 
corridors.  Wendover  Airfield  is  just  beyond  six  miles  from  the  centerline  study  corridor. 

Public  Airstrips  -  Airstrips  are  located  near  the  communities  of  Wells,  Currie  and  Jackpot. 

Airstrips  -  Eight  unpaved  airstrips  are  within  or  adjacent  to  the  study  corridors  in 
Nevada. 

The  extent  of  clear  zones  was  determined  for  all  the  airports  and  airstrips  within  the  study 
corridors  using  an  assumed  average  transmission  line  tower  height  of  120  feet  and  the  FAA 
prescribed  glide  path  ratios  for  each  air  facility  type.  The  FAA  will  make  specific  determinations 
of  interference  of  clear  zones  following  their  receipt  of  the  Notice  of  Intent  should  the  selected 
route  cross  near  an  air  facility. 

Several  study  corridors  in  Nevada  pass  through  military  aircraft  operating  areas  of  Hill  Air  Force 
Base  in  Utah.  The  above-ground-limit  in  Restricted  Area  R-6405  (Links  222,  223,  224,  226,  610) 
is  100  feet.  The  Gandy  Military  Operating  Area  (MOA)  (Links  222,  224  and  226)  has  an  above- 
ground-limit  of  200  feet.  In  addition,  Nellis  Air  Force  Base  near  Las  Vegas  manages  the  Reveille 
(MOA)  ainks  670,  671,  672,  673,  674),  Caliente  MOA  (Links  671,  673,  674,  675,  680,  690),  Elgin 
North  MOA  (Link  680)  and  SaUy  Corridor  MOA  (Links  680,  690,  700). 

Commercial  and  Industrial  -  Commercial  land  uses  are  generally  located  in  or  around  the  small 
communities  and  urban  areas  within  the  study  corridors.  These  include  agricultural  coops, 
general  stores,  service  stations,  bars,  restaurants,  motels,  truck  stops  and  casinos.  Some  isolated 
commercial  uses,  such  as  stores /service  stations,  restaurants,  and  motels  are  located  along  U.S. 
Highway  93  at  Lages  Station,  Currie,  and  south  of  Ely.  A  new,  largely  vacant  industrial  park 
is  located  just  off  U.S.  Highway  93  north  of  Ely. 

Industrial  land  uses  within  the  study  corridors  in  Nevada  are  primarily  related  to  mining 
operations.  The  mountains  around  Ely  have  many  small  mining  operations.  A  large  smelting 
facility,  located  in  the  community  of  McGill  at  the  edge  of  a  study  corridor  (Link  292),  is  closed 
and,  according  to  the  Ely  District  of  the  BLM  (Rajala,  1990),  is  not  expected  to  be  reopened.  The 
Crystal  C^een  Mine  was  identified  within  the  study  corridors  in  Dry  Gulch  at  the  eastern  edge 
of  Spring  Valley.  The  Robinson  Project  Mine,  west  of  Ely,  is  outside  the  study  corridors.  Sand 
and  gravel  pits  in  a  variety  of  sizes  were  found  dispersed  throughout  the  study  corridors  in 
Nevada. 

Linear  Facilities  -  Electric  transmission  and  distribution  facilities  were  inventoried  as  industrial 
land  uses.  Links  291  and  292  parallel  a  69kV  transmission  line  south  along  the  U.S.  Highway 
93  corridor  at  the  eastern  edge  of  the  Steptoe  Valley  to  Gondor  substation  located  a  few  miles 
north  of  Ely.  Two  230kV  transmission  lines  originate  from  this  substation  and  join  the  69kV  line 
to  continue  south  along  the  eastern  edge  of  the  Steptoe  Valley.  A  third  230kV  line,  originating 
at  Gondor  substation,  traverses  the  valley  west  through  Hercules  Gap.  Another  69kV  line 
parallels  this  230kV  line  for  a  short  distance  before  turning  south  toward  Ely.  Links  364  and  670 
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cross  a  69kv  transmission  line  southwest  of  Riepetown  near  the  Humboldt  National  Forest.  One 
69kv  transmission  line  and  one  fiber  optic  line  parallel  Links  675  and  680  in  the  Dry  Lake  Valley 
area  and  continue  through  Delamar  Valley  paralleling  Link  690.  Near  the  Pahranagat  National 
Wildlife  Refuge,  Link  690  crosses  these  two  lines  a  number  of  times  and  continues  south 
paralleling  Link  700.  Link  700  crosses  one  additional  69kv  transmission  line  near  State 
Highway  7  before  entering  the  Dry  Lake  Substation  Siting  Area  north  of  Las  Vegas. 
Additionally,  the  Dry  Lake  Substation  Siting  Area  is  crossed  by  the  Kern  River  Gas  Transmission 
Pipeline  near  Link  700. 

Also  inventoried  as  industrial  use  are  water  and  wastewater  treatment  facilities  located  in 
Jackpot  and  Wells.  A  water  treatment  facility  is  also  tentatively  proposed  near  Hercules  Gap 
north  of  Ely. 

Agriculture  -  Agriculture  uses  in  Nevada  are  dispersed  within  the  study  corridors.  Most  of 
these  lands  are  irrigated,  and  are  typically  located  adjacent  to  water  sources.  Agricultural  lands 
in  Nevada  are  usually  found  adjacent  to  streams  and  washes  in  the  middle  of  basins  and  valleys. 
Other  agriooltural  lands  are  located  on  the  alluvium  at  the  base  of  mountain  ranges  where 
natural  runoff  or  springs  are  the  water  source. 

According  to  the  Soil  Conservation  Service,  lands  in  Nevada  with  a  permanent  water  supply 
(e.g.,  well)  are  considered  "prime"  farmlands.  All  other  intermittently  irrigated  lands  are 
considered  "other  important  lands"  (Campsey  1990).  Prime  farmlands  identified  within  the  study 
corridors  in  Nevada  are  located  near  WD  Ranch  east  of  Jackpot,  in  the  vicinity  of  Wells,  adjacent 
to  U.S.  Highway  93  in  Clover  Valley,  in  the  vicinity  of  Oasis,  and  north  and  south  of  Ely. 

Range  -  Over  75  percent  of  the  BLM  lands  crossed  by  study  corridors  in  Nevada  are  range. 
Range  is  primarily  open  lands  that  in  their  natural  condition  provide  habitat  for  numerous 
wildlife,  wild  horses  and  burros,  and  flora  species.  The  other  major  use  of  range  is  livestock 
grazing. 

Range  improvements,  the  specific  land  uses  inventoried  within  range  areas,  include  stocktanks, 
water  wells,  windmills,  and  corrals.  Fences,  waterlines,  and  access  rights-of-way  were  not 
inventoried  (refer  to  Methods  section). 

To  facilitate  management  of  the  land  for  public  livestock  grazing,  the  BLM  has  divided  range 
lands  in  the  region  into  grazing  allotments.  The  Data  Tables  identify  the  total  acres  of  each 
allotment,  and  acres  that  would  be  disturbed  by  the  study  corridors. 

Utah 

Land  use  data  themes  for  the  following  categories  of  existing  and  planned  land  use  categories 
were  identified  and  mapped  from  existing  maps,  public  documents,  SPOT  satellite  imagery  and 
false  color  composite  imagery.  Data  from  these  sources  were  field  verified  by  aerial  and  ground 
reconnaissance.  Inventory  results  described  in  this  section  are  shown  on  the  Land  Use  maps 
(refer  to  map  volume). 
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Residential 

The  residential  category  includes  all  dwellings,  occupied  and  unoccupied,  located  within  the 
study  corridors.  Residences  occur  throughout  the  study  corridors,  but  are  found  in  greater 
concentrations  around  major  transportation  corridors.  Residences  inventoried  within  the  study 
corridors  in  Utah  were  classified  by  the  following  density  categories: 


Density  (du/section) 
1  or  less 

2-9 

10-49 
50+ 


Links 

all 

267,  450,  461,  462 

461,  530 
530 


trailer  (mobile  home)  park        530,  520,  560 


urbanized  area 


none 


Geographic  Location 

Dispersed  throughout  study 
corridors 

dispersed  agriculture  in  Lake 
Creek  area  and  isolated 
ranches  and  rural  residences 

rural  agriculture  in  Eskdale 
and  Abraham 

agriculture  community  of 
Hinckley 

trailer  parks  in  Hinckley,  other 
dispersed  rural  mobile  homes 

urban  residences  mixed  with 
commercial  and  public  uses 


Aircraft  Operation  Areas  and  Facilities  -  Airports  and  airstrips  were  inventoried  up  to  six  miles 
from  the  nearest  transmission  line  study  corridor  centerline  in  accordance  with  Federal  Aviation 
Administration  (FAA)  regulations. 

Public  Airports  -  no  public  airports  with  commercial  passenger  facilities  were  identified 
within  the  study  corridors 

Pubhc  Airstrips  -  Three  public  airstrips  with  paved  runways  and  services,  but  without 
passenger  facilities  are  located  near  Delta. 

Private  Airstrips  -  Two  unpaved  airstrips  are  located  within  or  adjacent  to  the  study 
corridors  in  Utah.   Both  of  these  airstrips  appear  to  be  abandoned. 

The  extent  of  clear  zones  were  determined  for  all  the  airports  and  airstrips  within  the  study 
corridors  using  an  assumed  average  transmission  line  tower  height  of  120  feet  and  the  FAA 
prescribed  gUde  path  ratios  for  each  air  facility  types.  The  FAA  will  make  specific 
determinations  of  interference  of  clear  zones  following  their  receipt  of  the  Notice  of  Intent  should 
the  preferred  study  corridor  cross  a  specified  clear  zone. 

The  U.S.  Air  Force  manages  several  large  areas  of  airspace  within  the  study  corridors  as  Military 
Operating  Areas  (MOAs)  or  Restricted  Area  (air  space)  used  by  military  aircraft  for  flight  and 
tactical  training  operations.  Several  of  the  study  corridors  would  cross  lands  within  MOAs  in 
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the  Utah  Testing  and  Training  Range  (UTTR)  operated  by  Hill  Air  Force  Base  in  west-central 
Utah.  The  above-ground-limit  varies  in  the  UTTR.  The  Above  Ground  Limit  (AGL)  for  the 
Restricted  Area  R-6405  (a  portion  of  Links  610  and  630)  is  100  feet,  the  Gandy  MO  A  and  Sevier 
A  and  B  MOAs  aink  numbers  222,  224,  226,  262,  461,  462,  451,  408,  470,  490,  590,  572,  580,  530, 
520,  510,  550,  600,  571,  600,  630,  640,  and  650)  all  have  an  AGL  of  200  feet. 

Commercial  and  Industrial  -  Commercial  land  uses  are  generally  located  in  or  around  the  small 
commimities  and  urban  areas  within  the  study  corridors.  These  include  general  stores,  service 
stations,  bars  and  restaurants,  motels,  and  truck  stops.  Some  isolated  commercial  uses,  such  as 
stores/service  stations  and  restaurants  are  located  along  State  Highway  6/50. 

Linear  Facilities  Electric  transmission  and  distribution  facilities  were  inventoried  as  industrial 
land  uses.  The  Intermountain  Power  Project  electric  generation  facility  is  located  north  of  Delta 
(Links  581  and  582).  One  500kV  and  one  230kV  transmission  line  originate  from  the  powerplant 
headed  west-southwest  adjacent  to  Links  571  and  572  within  the  study  corridors.  The  IPP- 
Adelanto  500kV  transmission  line  turns  south  while  the  IPA  230kV  transmission  line  turns  to 
parallel  the  Gondor-Pavant  230kV  transmission  line  west  toward  the  Nevada  stateline  (Links  470 
and  540).  These  transmission  lines  are  paralleled  by  the  study  corridors  near  Delta.  No 
pipelines  are  crossed  by  the  project  centerline  within  the  state  of  Utah. 

Agriculttire  -  Agriculture  uses  are  centered  around  Delta  in  the  floodplain  of  the  Sevier  River, 
the  primary  water  source  in  the  vicinity.  Water  is  distributed  throughout  the  area  by  numerous 
small  irrigation  canals  that  are  patterned  following  the  section  grid.  Several  other  areas  of 
agriculture  are  located  in  Eskdale  and  along  the  bottom  of  Pleasant  Valley.  Irrigation  methods 
include  gravity  or  flood,  wheel  line,  hand  line,  and  center  pivot.  Some  dry-land  farming  also 
occurs  in  the  area. 

According  to  the  Soil  Conservation  Service,  lands  in  Utah  with  a  permanent  water  supply  (e.g., 
well,  canal)  are  considered  "prime"  farmlands.  All  other  intermittently  irrigated  lands  are 
considered  "other  important  lands"  (Campsey  1990).  Also  refer  to  Soils  in  the  Earth  Resources 
Technical  Report. 

Dairies,  feedlots,  and  stockyards  were  inventoried  as  agricultural  uses.  Several  of  these  uses 
were  identified  dispersed  within  cultivated  areas  in  the  vicinity  of  Delta. 

Range  -  All  other  land  uses  not  classified  in  the  above  descriptions  were  inventoried  as  range. 
Over  70  percent  of  the  BLM  lands  crossed  by  the  study  corridors  in  Utah  are  range.  Range  is 
primarily  open  lands  that  in  their  natural  condition  provide  habitat  for  numerous  wildlife,  wild 
horses  and  burros,  and  flora  species.   The  other  major  use  of  range  is  livestock  grazing. 

Range  improvements,  the  specific  land  uses  inventoried  within  range  areas,  include  stocktanks, 
water  wells,  windmills,  and  corrals.  Fences,  waterlines,  and  access  rights-of-way  were  not 
inventoried  (refer  to  Methods  section) 

The  BLM  has  divided  range  lands  in  the  region  into  grazing  allotments  to  facilitate  management 
of  the  land  for  public  livestock  grazing.  The  Data  Tables  identify  the  total  acres  of  each 
allotment,  and  the  acres  that  would  be  disturbed  by  the  study  corridors. 
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Parks,  Recreation,  and  Preservation 

This  section  identifies  lands  managed  by  federal,  state  or  local  agencies  for  public  recreation  use, 
formally  designated,  unique  or  undisturbed  natural  areas,  or  to  protect  and  preserve  valuable 
environmental  resources. 

The  following  data  themes,  listed  below  by  major  land  jurisdiction  category,  were  identified 
within  the  study  corridors. 

•  Federal 

BLM  WUdemess  Study  Area  (WSA) 

BLM  Area  of  Critical  Environmental  Concern  (ACEC) 

BLM  Special/Natural  Area  (SA  or  NA) 

BLM  Special  Recreation  Management  Area  (SRMA) 

BLM  existing  and  proposed  recreation  sites 

BLM  Off-Road  Vehicle  (ORV)  use  area  or  limited  use  area 

Scenic  Backcountry  Byways 

National  Park 

National  Monument 

National  Trail 


•  State 


•  Local 


State  Park  or  Recreation  Area 

Scenic  Route 

Wildlife  Management  Area 


City  Park 
Commimity  Park 


•  Other 

Private  recreation  development 

Idaho 

BLM  Wilderness  Study  Area  (WSA)  -  Salmon  Falls  Creek  WSA  is  the  only  WSA  identified 
within  study  corridors  in  Idaho.  This  WSA  starts  just  north  of  the  Salmon  Falls  Reservoir  dam 
and  covers  an  area,  rim  to  rim,  along  the  narrow  canyon  of  Salmon  Falls  Creek  for 
approximately  17  miles.  Link  64  parallels  IPCo's  Upper  Salmon  to  Wells  138kV  transmission  line 
adjacent  to  this  WSA  and  from  one-quarter  to  one-half  mile  east  of  the  canyon  rim. 

BLM  Area  of  Critical  Environmental  Concern  (ACEC)  -  Salmon  Falls  Creek  ACEC  lies  along 
the  narrow  canyon  of  Salmon  Falls  Creek  from  the  end  of  Salmon  Falls  Creek  WSA  to  a  point 
just  south  of  Balanced  Rock  Road.    The  Playa  ACEC,  an  area  designated  around  two  small 
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playas  to  protect  unique  vegetation  (Davis  Playa  Mustard),  is  the  only  other  ACEC  identified 
in  the  Idaho  study  corridors. 

BLM  Special  Recreation  Management  Area  (SRMA)  The  Sahnon  Falls  Creek  Reservoir  SRMA 
surrounds  the  reservoir  and  an  area  of  Browns  Bench  from  Rogerson,  south  to  the  Nevada  state 
line.  The  Burley  District  of  the  BLM  manages  this  area  for  recreation  uses  including  boating, 
fishing,  camping,  hiking,  picnicking,  and  other  day  uses.  This  SRMA  includes  developed 
recreation  sites  at  Sahnon  Falls  Creek  Reservoir  dam  and  Rabbit  Springs.  Eight  additional  areas 
are  being  planned  for  future  recreation  development  in  the  vicinity  of  the  reservoir. 

BLM  Existing  and  Proposed  Recreation  Sites  -  The  Burley  District  of  the  BLM,  in  cooperation 
with  Twin  Falls  County  and  the  Salmon  Falls  Canal  Company,  operates  a  campground  at  the 
dam  site  of  the  Salmon  Falls  Creek  Reservoir.  FaciUties  include  picnic  areas,  and  a  boat  launch. 
There  are  also  developed  picnic  areas  at  Rabbit  Springs  and  Winter  Spring. 

The  BLM  has  plans  to  expand  the  recreation  site  at  the  dam  and  to  develop  new  camping  areas 
and  boat  launch  facilities  at  Grey's  Landing,  Norton  Bay,  Big  Sand  Bay,  Whiskey  Slough,  and 
Backwaters.  Three  new  primitive  camping  areas  are  being  planned  along  Salmon  Falls  Creek, 
south  of  the  reservoir. 

BLM  Off-Road  Vehicle  (ORV)  Use  Area  -  The  Jarbidge  Resource  Area  of  BLM's  Boise  District 
manages  an  area  south  of  Hagerman  Fossil  Beds  National  Monument  for  open  ORV  use.  This 
area  receives  moderate  use  from  residents  of  several  nearby  towns,  including  Twin  Falls.  On 
the  remainder  of  the  public  lands  within  the  study  corridors  in  Idaho,  ORV  use  is  limited  to 
existing  roads  and  trails. 

National  Monument  -  Hagerman  Fossil  Beds  National  Monument  was  designated  by  the 
Arizona-Idaho  Act  of  1988.  The  monument  is  located  on  the  west  side  of  the  Snake  River  near 
Hagerman  and  is  the  only  national  monimient  identified  within  the  study  corridors  in  Idaho 
(Links  63  and  64).  The  City  of  Rocks  National  Reserve,  created  by  the  same  act,  is  outside  of  the 
study  corridors. 

The  NFS  is  currently  developing  the  General  Management  Plan  for  this  monument  and  is 
evaluating  several  alternative  locations  for  their  proposed  visitor  center.  The  General 
Management  Plan  will  likely  also  propose  the  development  of  interpretive  center,  museum,  and 
other  visitor  facilities  within  the  monument  boundary. 

National  Trail  -  Portions  of  the  Oregon  Trail  are  crossed  by  Links  41,  61  and  64.  The  Oregon 
Trail  is  proposed  for  designation  as  a  National  Historic  Trail.  Also  refer  to  the  Cultural  and 
Visual  Resources  Technical  Reports. 

State  Park  -  Malad  Gorge  State  Park  is  located  approximately  three  miles  north  of  the 
community  of  Hagerman.  Link  61  is  within  one  mile  of  the  centerline  of  this  park.  Malad  Gorge 
provides  picnic  facilities  and  scenic  overlooks  along  the  south  rim  of  the  gorge. 

Balanced  Rock  State  Park  is  the  only  other  state  park  identified  within  the  study  corridors  in 
Idaho.   This  park  is  located  adjacent  to  Salmon  Falls  Creek,  approximately  one  mile  from  the 
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centerline  of  Link  64.  The  focus  of  this  park  is  a  unique  geologic  feature.  No  facilities  are 
currently  provided  at  this  park. 

State  Scenic  Route  -  State  Highway  30,  between  Buhl  and  Bliss,  is  designated  as  the  Thousand 
Springs  Scenic  Route  by  the  Idaho  Transportation  Department.  Link  61  crosses  this  scenic  route 
north  of  the  community  of  Hagerman  parallel  to  existing  500kV  and  230kV  transmission  lines. 

City/Community  Park  -  Several  small  parks  were  identified  along  Links  41  and  61  in  the 
communities  of  Eden,  Hansen,  and  Hagerman. 

Private  Recreation  Development  -  Nat-Soo-Pah  Warm  Springs  is  a  privately-owned  recreation 
development  with  RV  facilities  located  approximately  one  mile  from  the  centerline  of  Links  41 
and  42.  Magic  Hot  Springs  is  another  privately-owned  recreation  development  in  a  small  canyon 
adjacent  to  the  jvmction  of  Links  81,  82  and  83. 


Nevada 

Wilderness  Area  -  A  portion  of  the  Mount  Moriah  Wilderness  area  lies  within  the  study  corridor 
(Link  267).  This  Wilderness  Area  includes  a  portion  of  an  area  previously  managed  by  the  BLM 
as  the  Marble  Canyon  WSA.  Because  this  WSA  is  contiguous  with  the  Humboldt  National 
Forest  it  was  designated  as  part  of  the  FS  Wilderness  Area. 

BLM  Wilderness  Study  Area  (WSA)  -  Fourteen  WSAs  were  inventoried  within  the  study 
corridors  in  Nevada,  however,  none  of  these  WSAs  are  crossed.  The  WSAs  are  South  Pequop, 
Bluebell,  Goshute  Peak,  Goshute  Canyon,  Marble  Canyon,  Mount  Grafton,  Fortification  Range, 
Delamar  Mountains,  Evergreen,  Meadow  Valley  Mountaii\s,  Fish  and  Wildlife  1,  2,  &  3,  and 
Arrow  Canyon. 

BLM  Special  Area  (SA)/Natural  Area  (NA)/Instant  Study  Area  (ISA)  -  The  Ely  District  of  the 
BLM  manages  three  Special/Natural  Areas  and  two  Instant  Study  Areas  (refer  to  page  5-13) 
within  the  study  corridors.  These  areas  include: 

•  Goshute  Canyon  NA,  partially  encompassed  by  the  Goshute  Canyon  WSA 

•  Swamp  Cedar  ISA  in  Spring  Valley 

•  Pygmy  Sage  ISA  west  of  Major's  Place 

•  Osceola  Geologic  Area  at  the  base  of  the  Snake  Range  in  Spring  Valley 

•  Blue  Mass  Scenic  Area  within  Kern  Mountains 

BLM  Special  Recreation  Management  Area  (SRMA)  -  The  Elko  District  of  the  BLM  plans  to 
manage  the  area  of  Salmon  Falls  Creek  west  of  Jackpot,  from  the  Idaho  state  line  to  the  U.S. 
Highway  93  bridge,  as  a  SRMA.  Current  management  in  this  area  emphasizes  recreation  uses 
including  river  floating,  fishing,  hiking,  primitive  camping,  and  day  use  along  Salmon  Falls 
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Creek.  The  Pony  Express  Trail  component  of  the  Loneliest  Highway  SRMA  in  the  Ely  District 
of  the  BLM  is  also  crossed  by  the  study  corridor.  The  BLM  plans  to  manage  the  trail  to  maintain 
and  improve  historic  interpretation. 

BLM  Existing  and  Proposed  Recreation  Sites  -  An  existing  BLM  campground  is  located  in  the 
Steptoe  Valley  (Link  240),  adjacent  to  Goshute  Canyon  Natural  Area.  The  Ely  District  plans  to 
develop  several  new  recreation  sites.  These  sites  are  proposed  campgrounds  at  Bassett  Lake 
(Link  292),  Sacramento  Pass  (Link  460),  and  one  proposed  primitive  camping  area  at  Weaver 
Creek  (Link  460). 

BLM  Off-Road  Vehicle  (ORV)  Use  Area  The  Elko  District  limits  ORV  use  on  public  lands  to 
existing  roads  and  trails.  However,  the  Ely  District  currently  designates  all  the  public  lands 
crossed  by  study  corridors  as  open  for  ORV  use.  No  other  designated  use  or  restricted  use  areas 
were  identified  in  the  study  corridors. 

Backcountry  Byway  -  The  Humboldt  National  Forest  and  the  Ely  District  of  the  BLM  administer 
Success  Loop,  a  proposed  backcountry  byway  of  paved  and  unpaved  roads  through  the  Schell 
Creek  Range,  Duck  Creek  Basin,  and  the  Steptoe  Valley.  The  Ely  and  Las  Vegas  Districts  are 
also  considering  proposals  for  backcountry  byways  along  the  Horse  and  Cattle  Camp  Loop  Road 
and  within  the  Kane  Springs  Valley. 

The  California  Trail  Backcountry  Byway  Immigrant  Trail  and  the  California  National  Study  Trail 
are  located  in  the  Shoshone  Basin  and  Wilkins.  The  Pony  Express  Trail,  which  traverses  through 
Antelope  and  Steptoe  Valleys,  offers  wildhorse  viewing  and  photographic  opportunities. 

National  Trail  -  The  California  Trail  Scenic  Backcotmtry  Byway,  which  gives  a  historical 
interpretation  of  the  California  National  Study  Trail,  is  crossed  by  Links  82  and  83  near  Shoshone 
Basin  and  by  Links  140  and  151  near  Wilkins.  The  California  National  Study  Trail  is  crossed  by 
Links  140, 151,  and  1612  in  the  Thousand  Springs  VaUey,  and  by  Link  170  near  Wells.  The  Pony 
Express  Trail  is  crossed  by  Links  265,  266  and  610  in  the  Antelope  VaUey  and  by  Links  280  and 
291  in  the  Steptoe  Valley.  These  trails  have  been  designated  as  National  Historic  Trails.  Also 
refer  to  the  Cultural  and  Visual  Resources  Technical  Reports. 

National  Park  -  Though  not  crossed  by  any  centerlines.  Great  Basin  National  Park,  located 
around  Mt.  Wheeler,  falls  within  the  study  corridors  (Link  460).  A  new  visitor's  center,  located 
outside  the  southern  corridor  limit  of  Link  460,  is  proposed  for  the  park.  Several  interpretive 
sites  are  proposed  in  the  Draft  General  Management  Plan  (1991)  at  road  waysides  approaching 
the  park: 

•  U.S.  Highway  93  at  Lake  Valley  Summit  (Link  420) 

•  U.S.  Highway  6/50  in  Sacramento  Pass  (Link  460)  at  the  edge  of  the  study  corridor 

•  U.S.  Highway  21  near  the  Utah/Nevada  border  (Link  450) 

•  U.S.  Highway  6/50  near  the  town  of  Eskdale  (Link  461) 

Scenic  Routes  and  Highways  -  U.S.  Highway  93,  south  of  Major's  Place  to  Pahranagat  Valley 
(junction  of  State  Highway  318),  is  designated  as  a  state  scenic  route.  Portions  of  this  scenic 
route  are  within  the  study  corridor  near  the  junction  of  U.S.  Highway  93  and  U.S.  Highway  6/50 
(Links  390,  400,  410)  and  in  Dry  Lake  VaUey  (Links  671,  675). 
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State  Park  and  Recreation  Area  -  Links  380  and  390  cross  the  entry  road  to  Cave  Lake  State 
Recreation  Area.  This  park  is  located  within  the  boundary  of  the  Humboldt  National  Forest 
southeast  of  Ely  in  the  foothills  of  the  Schell  Creek  Range.  Ward  Charcoal  Ovens  State  Historic 
Site,  on  the  w^estem  edge  of  the  Steptoe  Valley,  is  located  at  the  base  of  the  Egan  Range  within 
the  study  corridor  of  Link  360. 

City/Community  Park  -  Several  small  community  parks  and  playgrounds  were  identified  in 
Wells,  between  Links  170  and  180,  and  in  McGill  at  the  edge  of  Link  291. 


Utah 

Wilderness  Study  Area  (WSA)  -  Four  WSAs  in  Utah  were  inventoried  within  the  study 
corridors.  Portions  of  assumed  centerlines  of  Links  450,  462,  470,  and  480  pass  within  one  mile 
of  the  boundaries  of  Howell  Peak,  King  Top,  and  Notch  Peak  WSAs.  The  Fish  Springs  and 
Swasey  Mountain  WSAs  were  also  inventoried  within  the  study  corridors  (Link  630),  but  are 
farther  from  the  proposed  centerline. 

Areas  of  Critical  Environmental  Concern  (ACEC)  -  Fossil  Mountain  ACEC,  created  to  protect 
unique  paleontological  resources,  lies  within  the  Confusion  Range  at  the  edge  of  Link  450.  A 
small  portion  of  the  northern  side  of  this  ACEC  is  crossed  by  the  study  corridor.  The  only  other 
area  designated  as  an  ACEC  within  the  study  corridors  is  Gandy  Mountain.  This  area  includes 
a  unique  limestone  solution  cave  known  as  Crystal  Ball  Cave. 

BLM  Off-Road  Vehicle  (ORV)  Use  Area  -  The  study  corridors  in  Utah  cross  portions  of  two 
ORV  limited  use  areas  designated  by  the  Richfield  District  of  the  BLM  (see  Map  Volume).  ORV 
use  is  limited  to  existing  roads  and  trails  in  these  areas  to  protect  the  habitat  of  ground-nesting 
raptors.  All  other  BLM  lands  within  the  study  corridors  are  considered  open  for  use  within  the 
guidelines  for  operation  of  ORVs  in  Utah. 

Transportation  and  Access 
Idaho 

Interstate  Highway  84  is  crossed  by  Links  41  and  61.  U.S.  Highway  93  is  paralleled  by  Links 
41,  42,  50,  70,  and  72.  Portions  of  State  Highways  25,  30  and  50  are  crossed  or  paralleled  by 
Links  41  and  61.  Paved  and  unpaved  section  roads  grid  agriculture  areas  throughout  the  study 
corridors  in  Idaho.   Numerous  ranch  and  recreations  access  roads  occur  in  rangeland  areas. 

The  Union  Pacific  Railroad  is  crossed  three  times  by  Links  51,  52,  and  70  on  the  Snake  River 
plateau,  and  once  more  by  Link  72  near  the  Nevada  state  line. 
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Nevada 

Five  of  the  transmission  line  study  corridors.  Links  170,  180,  211,  222  and  223,  cross  Interstate 
Highway  80  between  Wells  and  Wendover.  U.S.  Highway  93  parallels  the  centerlines  of  several 
study  corridors  from  the  Idaho  state  line  south  to  Wells.  This  highway  is  paralleled  again  in  the 
Steptoe  Valley  in  the  vicinity  of  Ely.  These  corridors  also  cross  U.S.  Highway  93  several  times. 
State  Highway  6/50  passes  in  and  out  of  several  study  corridors  (Links  380,  390,  400,  450,  461, 
480,  490,  500  and  510)  between  Ely  and  the  Utah  state  line.  Southwest  of  Ely,  Link  670  crosses 
U.S.  Highway  6  near  Currant  and  Links  671  and  672  cross  State  Highway  318  near  the 
Lincoln /Nye  county  line.  U.S.  Highway  93  parallels  and  crosses  several  study  corridors  (Links 
671,  675,  690,  700,  720,  and  730)  near  Caliente,  and  LirJc  730  crosses  State  Highway  7  (168)  near 
the  Arrow  Canyon  Range. 

The  Nevada  Northern  Railroad  is  paralleled  by  several  study  corridors.  The  portion  of  the 
Nevada  Northern  Railroad  between  Ely  and  McGill,  Nevada  crossed  by  Link  370  may  in  the 
future  be  used  for  historic  steam  engine  train  excursions. 

Both  public  and  private  lands  are  connected  to  the  highway  system  by  a  vast  network  of 
unpaved  roads. 

Utah 

U.S.  Highway  6/50  and  State  Highway  21  are  the  only  highways  within  the  study  corridors  in 
Utah.  Southwest  of  Delta,  the  proposed  centerlines  of  Links  450,  490  and  500  are  within  one 
mile  of  this  highway  and  parallel  to  it.  The  state  highway  is  crossed  by  Link  450  and  at  the 
edge  of  the  corridor  of  Link  461.  The  only  other  paved  roads  identified  within  the  study 
corridors  were  a  few  section  roads  near  Delta.  Numerous  improved  and  unimproved  roads 
were  inventoried  traversing  the  basin  areas.  In  the  mountains,  four-wheel  drive  trails  and 
miners'  roads  wind  along  the  slopes  and  drainages. 

Mining  Claims  and  Extractive  Uses 

A  number  of  mines  and  mining  claims  are  dispersed  throughout  the  study  corridors.  These 
mines  are  located  primarily  in  Nevada  and  Utah,  with  a  few  claims  in  Idaho.  Table  LU-1 
identifies  the  miles  of  mining  claims  crossed  by  each  of  the  alternatives. 


Idaho 

The  only  extractive  land  uses  within  the  study  corridors  in  Idaho  are  several  sand  and  gravel 
operations  and  a  pumice  mining  operation  along  the  foothills  outside  the  Sawtooth  National 
Forest  (Link  41).  Two  active  mining  claims  were  identified  within  the  study  corridors  in  Idaho. 
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Nevada 

Mining  is  an  important  land  use  in  Nevada.  There  are  numerous  mines  dispersed  throughout 
the  mountainous  areas  of  the  state.  Many  of  these  small  mines  are  located  in  the  foothills  of  the 
Schell  Creek  Range  at  the  edge  of  the  Steptoe  Valley  and  in  Cooper  Canyon,  southeast  of  Ely. 
The  Robinson  Project,  formerly  the  Kennecott  copper  pit,  is  a  large  mine  located  west  of  Ely, 
outside  the  study  corridors. 

Most  of  the  public  lands  in  mountainous  areas  in  Nevada  have  been  staked  with  numerous, 
often  overlapping,  mining  claims.  Some  of  these  mining  claims  were  identified  along  the 
northern  boundary  of  Great  Basin  National  Park  in  the  Osceola  area  and  along  Links  262 
through  266  at  the  north  end  of  Spring  Valley.  The  Crystal  Queen  Mine  is  located  in  Dry  Gulch 
at  the  edge  of  Spring  Valley.  Mine  facilities  adjacent  to  State  Highway  6/50  are  over  two  miles 
from  Link  400. 

Advances  in  mining  methods  in  the  1980s  has  resulted  in  a  new  pattern  for  staking  mining 
claims.  Several  large  mining  companies  have  been  staking  claims  on  lands  in  the  alluvial  areas 
of  the  vast,  open  basins  and  valleys.  Most  of  the  study  corridors  cross  active  mining  claims. 
The  areas  surrounding  the  Elko  area  have  been  particularly  active  for  mines  and  mining  claims. 

Utah 

A  large  mine  and  numerous  exploration  sites  are  located  along  Links  630  and  640  in  the  Drum 
Mountains  northwest  of  Delta.  Most  of  the  public  lands  in  mountainous  areas  in  Utah  are 
covered  with  numerous,  often  overlapping,  mining  claims.  Similar  to  Nevada,  the  trend  in 
mining  towards  heap-leech  methods  in  the  1980s  has  resulted  in  a  new  pattern  for  staking 
mining  claims  in  parts  of  Utah.  Several  large  mining  companies  have  been  staking  claims  on 
lands  in  the  alluvial  areas  of  the  open  basins  and  valleys.  Most  of  the  study  corridors  cross 
active  mining  claims. 

Substation  And  Series  Compensation  Station  Siting  Areas 

To  facilitate  the  siting  of  substation  and  series  compensation  facilities,  ten  general  substation 
siting  areas  were  identified.  The  location  of  these  siting  areas  was  determined  by  the  electrical 
and  interconnection  needs  of  the  transmission  line  and  somewhat  by  the  locations  of  routing 
alternatives  (refer  to  Map  Volume). 

A  total  of  twenty  alternative  substation  and  series  compensation  stations  sites  were  identified 
within  the  ten  siting  areas,  through  an  analysis  of  environmental  and  engineering  constraint 
maps  modeled  from  inventory  data,  collected  for  each  of  the  siting  areas.  This  mapping  was 
used  to  identify  potentially  suitable  sites  for  substation  and  series  compensation  stations.  Once 
alternative  sites  were  identified,  potential  impacts  were  assessed  for  each  of  these  sites. 
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The  results  of  the  substation  and  series  compensation  station  siting  area  inventories  for  land  use 
are  described  below  by  state. 


Idaho 

There  are  no  series  compensation  or  substation  siting  study  areas  proposed  in  Idaho. 

Nevada 

US  Highway  93  Series  Compensation  Station  Siting  Area 

This  siting  area  is  located  north  Wells  in  the  area  of  Links  164, 165, 166,  167, 170  and  180.  This 
siting  area  is  a  checkerboard  pattern  of  BLM  and  private  lands  as  a  result  of  early  land  grants 
to  the  railroad.  The  primary  land  use  is  range.  Other  existing  land  uses  v^ithin  this  area  include 
a  138kV  transmission  line,  the  Southern  Pacific  Railroad  line,  another  abandoned  railroad  line, 
v^ater  wells,  one  windmill,  and  a  roadside  rest  area.  Dispersed  residences  occur  in  a  density  of 
less  than  one  dwelling  unit  per  square  mile  (du/section)  throughout  the  area.  The  California 
National  Study  Trail  was  the  only  recreational  land  use  found  in  this  siting  area. 

Interstate  80  and  U.S.  Highway  93  are  the  major  transportation  routes  in  this  area.  Interstate  80 
crosses  the  southern  end  of  the  siting  area  and  U.S.  Highway  93  bisects  the  siting  area  from 
north  to  south.  Niimerous  two-track  roads  and  jeep  trails  provide  access  to  range  lands 
throughout  the  area. 

The  only  extractive  land  uses  within  the  study  corridors  are  several  sand  and  gravel  operations. 
There  are  active  mining  claims  in  the  siting  area. 

Thousand  Springs  Series  Compensation  Station  Siting  Area 

This  siting  area  is  located  in  the  Toano  Draw.  The  boundary  encompasses  all  of  Links  142, 143, 
144  and  152,  and  portions  of  Links  151  and  1612.  Land  jurisdictions  is  a  checkerboard  pattern 
of  BLM  and  private  lands,  resulting  from  early  land  grants  to  the  railroad.  The  primary  land 
use  is  range.  Other  existing  land  uses  for  this  area  include  the  Southern  Pacific  Railroad  line, 
two  oil  wells,  two  corrals,  and  several  water  wells.  Dispersed  residences  within  this  siting  area 
occur  in  a  density  of  less  than  one  dwelling  unit  per  square  mile  (du/section).  The  site  of  the 
Thousand  Springs  Power  Plant,  proposed  in  a  DEIS  in  1989,  is  located  within  this  siting  area. 
This  project  was  never  finalized  or  approved.  No  recreational  land  uses  were  identified  within 
this  siting  area. 

An  improved  graveled  road  parallels  the  Southern  Pacific  Railroad  from  east  to  west  across  the 
southern  end  of  this  siting  area.  A  number  of  graded  roads,  two-track  roads  and  jeep  trails  are 
the  only  other  access  into  the  area. 
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Two  sand  and  gravel  operations  are  the  only  extractive  land  uses  found  in  the  study  corridors. 
In  addition,  there  are  active  mining  claims  found  in  the  study  corridors. 

Goshute  Valley  Series  Compensation  Station  Siting  Area 

The  boundary  of  this  siting  area  is  located  about  two  miles  northeast  of  the  community  of  Oasis. 
The  area  encompasses  Link  221  and  portions  of  Links  200  and  211.  Land  jurisdiction  is  a 
checkerboard  pattern  of  BLM  and  private  lands,  resulting  from  early  land  grants  to  the  railroad. 
The  primary  land  use  is  range.  Other  existing  land  uses  for  this  siting  area  include  the  Southern 
Pacific  Railroad  line,  two  water  tanks,  and  one  corral.  Dispersed  residences  occur  in  a  density 
of  less  than  one  dwelling  imit  per  square  mile  (du/section).  No  recreational  land  uses  were 
identified. 

Interstate  Highway  80  passes  to  the  south  of  this  siting  area.  State  Highway  233  bisects  the 
siting  area  from  southwest  to  northeast.  This  highway  is  the  prinnary  transportation  route 
accessing  the  area.  Several  two-track  roads  and  jeep  trails  provide  additional  access  into  the 
area. 

Two  sand  and  gravel  operations  are  located  within  the  siting  area.  Active  mining  claims  are  also 
found  throughout  the  siting  area. 

North  Steptoe  Substation  Siting  Area 

This  siting  area  is  located  in  the  flat  bottom  of  the  North  Steptoe  Valley  adjacent  to  the  northern 
end  of  the  Schell  Creek  Range.  The  area  is  at  the  intersection  of  Links  243,  260, 261,  and  262  just 
south  of  Lages  Station.  The  lands  within  this  siting  area  are  all  administered  by  the  BLM. 

The  primary  land  use  in  this  siting  area  is  range.  Some  dispersed  agriculture  lands  are  located 
north  of  the  siting  area  in  the  vicinity  of  Lages  Station.  A  few  dispersed  residences  occur  in  a 
density  of  less  than  one  dwelling  unit  per  square  mile  (du/section).  No  other  existing  or 
planned  land  uses  were  identified  in  the  area.  No  recreation  land  uses  were  identified  within 
this  siting  area.   No  extractive  uses  or  nnining  claims  were  identified. 

Robinson  Smnnrdt  Substation  Siting  Area 

The  siting  area  is  located  in  Jake's  Valley  northwest  of  the  Ely  area  near  Links  300,  310,  320, 330, 
and  340.  The  lands  within  this  siting  area  are  all  administered  by  the  BLM. 

The  primary  land  use  is  range.  Other  land  uses  within  the  siting  area  include  the  Gondor- 
Machacek  230kV  transmission  line,  and  an  abandoned  state  highway  strip  used  for  stockpiling 
highway  construction  materials.  Dispersed  residences  occur  in  a  density  of  one  or  less  dwelling 
units  per  square  mile  (du/section).  No  recreational  land  uses  were  identified  within  this  siting 
area. 
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U.S.  Highway  50  bisects  this  siting  area,  and  provides  access  to  a  network  of  two-track  roads 
dispersed  throughout  the  area.  One  borrow  pit  for  sand  and  gravel  is  located  within  the  siting 
area.  Several  active  mining  claims  have  been  staked  in  the  area. 

Hercules  Gap  Substation  Siting  Area 

The  siting  area  is  sitiiated  in  the  Steptoe  Valley  north  of  Ely.  This  siting  area  encompasses 
portions  of  Links  291, 350,  and  370.  This  siting  area  is  predominantly  BLM-administered  lands, 
with  occasional  small  private  land  inholdings. 

The  primary  land  use  is  agriculture.  A  rural  subdivision,  with  a  density  of  2-9  imits  per  square 
mile,  is  located  east  of  Hercules  Gap  in  the  vicinity  of  Ely.  Other  existing  land  uses  include  a 
pair  of  230kV  transmission  lines,  a  69kV  transmission  line,  the  Nevada  Northern  Railroad,  the 
state  prison,  one  electric  power  substation,  two  corrals,  and  one  water  well. 

A  portion  of  Success  Loop,  a  scenic  byway,  passes  through  the  area  off  of  U.S.  Highway  93.  U.S. 
Highway  93  passes  through  the  eastern  edge  of  the  siting  area.  The  Smith  Valley  area  is 
accessed  by  a  network  of  improved  gravel  roads  and  two-track  roads. 

One  small  mine  is  located  just  west  of  Hercules  Gap.  In  addition,  eight  sand  and  gravel 
extraction  areas,  and  several  mining  claims  are  found  within  this  area. 

Dry  Lake  Substation  Siting  Area 

This  siting  area  is  located  in  the  Dry  Lake  Valley  northeast  of  Las  Vegas.  Lands  within  the  siting 
area  are  predominately  BLM-administered,  with  a  small  piece  of  private  land. 

Existing  land  uses  include  several  transmission  lines  and  substation  operated  by  Nevada  Power 
Company,  the  Pecos-Reid  #1  and  #2  230kV  transmission  lines,  the  Reid-Gardner  345kv 
transmission  line,  and  the  Harry  Allen  Substation.  In  addition,  the  IPP-Adelanto  500kV  IXI 
transmission  line  and  the  Navajo-McCullough  500kV  transmission  line  also  pass  through  this 
siting  area.  Other  land  uses  include  the  Union  Pacific  Railroad  (also  refer  to  the  Cultural 
Resources  Technical  Report).  No  recreation  land  uses  were  identified  within  this  siting  area. 

Interstate  15  passes  from  the  southwest  to  the  northeast  across  the  eastern  half  of  the  siting  area. 
The  Dry  Lake  Valley  siting  area  is  accessed  by  several  improved  gravel  roads  and  some  two- 
track  roads.  Several  mining  claims  were  identified  within  this  siting  area. 
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Utah 

Smelter  Hills  Substation  Siting  Area 

This  siting  area  is  located  in  an  area  west  of  Smelter  Hills  near  Links  520,  560,  571  and  650. 
Lands  in  the  siting  area  are  predominantly  administered  by  the  BLM,  with  a  smaller  portion 
administered  by  the  state. 

The  primary  land  use  in  this  siting  area  is  range.  The  only  other  existing  land  use  in  the  area 
is  the  IPP-Adelanto  500kV  IX  transmission  line  originating  from  the  Intermountain  Generating 
Station.  Dispersed  residences  occur  in  a  density  of  less  than  one  imit  per  section  (du/section). 

No  recreational  land  uses  were  identified  within  this  siting  area.  This  area  is  only  accessed  by 
two-track  roads.  No  extractive  land  uses  or  mining  claims  were  identified  within  the  siting  area. 

Sevier  Substation  Siting  Area 

This  siting  area  is  located  in  the  bottom  of  the  Sevier  River  Basin  southwest  of  Delta  near  Links 
590  and  600.  Lands  within  this  siting  area  are  predominantly  administered  by  the  BLM  with  a 
small  portion  of  state  land. 

The  primary  land  use  in  this  siting  area  is  range.  Other  existing  land  uses  include  the  IPP- 
Adelanto  500kV  DC  transmission  line  and  Gondor-Pavant  230kV  transmission  line. 

No  recreational  land  uses  were  identified  within  the  siting  area.  Access  in  the  siting  area  is  by 
several  two-track  roads.   No  extractive  land  uses  or  mining  claims  were  identified. 

Intermountain  Substation  Siting  Area 

This  siting  area  is  located  in  the  vicinity  of  the  Intermountain  Generating  Station,  north  of  Delta 
near  Link  580.  Approxinnately  half  of  the  land  in  this  siting  area  is  private,  and  the  other  half 
is  administered  by  the  BLM. 

With  the  exception  of  the  facilities  at  the  Intermountain  Generating  Station,  there  are  few  other 
land  uses  in  this  area.  The  IPP-Adelanto  500k V  EXI  transmission  line  and  the  Gondor-IPP  230kV 
transmission  line  pass  through  the  middle  of  this  area.  Two  water  wells  are  located  near  the 
boundary  of  this  area.  However,  there  were  no  recreational  uses,  extractive  uses,  or  mining 
claims  identified.  Access  in  this  area  is  by  the  paved  entry  road  to  the  Intermountain  Generating 
Station  and  several  two-track  roads. 
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Microwave  Facilities  Sites 

In  the  operation  of  large  transmission  lines,  reliable  and  secure  communication  circuits  are 
needed  for  protective  relaying.  The  Southwest  Intertie  Project  transmission  line  would  require 
the  use  of  such  a  microwave  system  between  Midpoint  Substation  in  Idaho  and  Dry  Lake 
Substation  in  Nevada.  In  addition  to  the  protective  relaying  circuits,  the  microwave  system 
would  be  used  for  voice  communication,  telemetering,  and  supervisory  control. 

Initially,  16  sites  were  identified  as  being  possible  candidates  for  the  SWIP  microwave  system. 
Of  these  16  sites,  10  were  already  developed  (requiring  only  the  addition  of  a  dish)  and  6  were 
undeveloped.  It  was  determined  that  10  sites  would  be  used  if  either  the  Robinson  Summit  or 
North  Steptoe  Substation  were  to  be  built. 

Idaho 

Hansen  Butte  and  Cottonwood  are  the  only  sites  currently  proposed  for  development  of 
microwave  facilities  in  Idaho.  Table  LU-2  lists  land  use  data  by  state  for  the  proposed 
microwave  sites. 


Nevada 

Fourteen  of  the  16  alternative  microwave  facilities  sites  are  located  in  Nevada.   Land  use  data 
for  these  sites  are  listed  in  Table  LU-2. 


Utah 

No  new  microwave  facilities  sites  are  proposed  in  Utah. 

IMPACT  ASSESSMENT  AND  MITIGATION 

PLANNING 

The  impact  assessment /mitigation  planning  process  involves  assessing  impacts  by  comparing 
of  the  project  alternatives  with  the  pre-project  environment,  detemnining  mitigation  that 
would  reduce  or  eliminate  impacts,  and  identifying  impacts  remaining  after  recommending 
mitigation  (residual  impacts).   The  results  section  reports  the  residual  impacts.   Comparison 
of  the  residual  land  use  impacts,  along  with  impacts  to  the  other  environmental  resources, 
were  used  to  select  an  environmentally  preferred  route. 
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Methods 

Impact  Types 

Physical  impacts  to  land  uses  were  assessed  along  the  centerline  of  each  of  the  study 
corridors  for  the  inventoried  land  use  categories.  The  impact  types  identified  for  land  uses 
along  the  centerlines  of  study  corridors  are  characteristically  direct  and  long-term,  and 
include  any  impact  that: 

•  displaces,  alters,  or  otherwise  physically  affects  any  existing,  developing  or 
planned  residential,  commercial,  industrial,  governmental,  or  institutional  use  or 
activity 

•  displaces,  alters,  or  otherwise  physically  affects  any  existing  agricultural  use  or 
activity 

•  displaces,  alters,  or  otherwise  physically  affects  any  existing  or  planned  air  facility 
or  air  travel-related  activity 

•  displaces,  alters,  or  otherwise  physically  affects  any  area  designated  as  suitable 
for  timber  production 

•  alters  or  otherwise  physically  affects  any  established,  designated  or  planned  park, 
recreation,  preservation,  or  educational  use  area  or  activity 

•  affects  applicable  general  and  regional  plans  and/or  approved,  adopted,  or 
officially  stated  policies,  goals,  or  operatior\s  of  communities  or  governmental 
agencies 

The  remainder  of  the  section  describes  the  land  use  categories  in  the  context  of  these  impacts 
types  and  the  impacts  that  may  be  expected  to  result. 

Land  Jurisdiction  -  The  effects  of  the  proposed  project  to  land  jurisdiction  involve  primarily 
land  policies,  land  management  plans,  and  permitting  requiren\ents  of  local,  state,  and 
federal  agencies.  The  land  jurisdictions  mapped  in  the  inventory  were  used  to  identify  the 
all  the  potentially  affected  land  agencies  and  to  quantify  the  land  area  potentially  affected  by 
the  study  corridors.   In  addition,  these  data  were  used  to  assess  the  socioeconomic  impacts 
(refer  to  Socioeconomic  Technical  Report). 

Existing  and  Planned  Land  Use  -  The  majority  of  potential  impacts  to  existing  and  planned 
land  uses  would  result  from  the  direct  physical  conflict  between  the  proposed  transmission 
line  and  a  land  use  feature.  Conflicts  with  land  uses  such  as  wells,  water  tanks,  gravel  pits, 
other  utilities,  etc.  are  easily  resolved  by  spanning  the  feature  (refer  to  the  Generic  Mitigation 
Table  4-1  in  the  DEIS/DPA).  Other  physical  conflicts  may  require  routing  the  line  around 
the  feature  (i.e.  airstrip  clearzone). 
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Generally,  impacts  on  agricultural  land  uses  are  perceived  as  a  primary  issue  in  the 
construction  and  operation  of  transmission  facilities.  The  following  is  a  partial  list  of  the 
impacts  that  could  be  expected  to  occur: 

temporary  loss  of  cropland  in  construction  marshalling  yards,  staging  areas,  and 
at  tower  sites 

temporary  disruptioi\s  of  existing  irrigation  operations  during  project  construction 

reduced  crop  yields  in  tower  construction  sites  due  to  soil  compaction 

long-term  loss  of  cropland  around  transmission  towers  footing  areas 

reduced  crop  yields  around  transmission  towers  due  to  reduced  weed  and  pest 
control 

long-term  displacement  or  alteration  of  existing  irrigation  systems,  in  particular 
hand-line,  wheel-line,  and  center-pivot  irrigation  systems 

locational  restrictions  on  where  new  or  planned  irrigation  systems  can  be 
installed,  especially  center-pivot  systems 

potential  long-term  modification  to  farming  operations  near  transmission  towers, 
which  would  increase  farming  time  and  increase  soil  compaction 

long-term  modification  of  aerial  crop  spraying  operations  would  increase  the  risk 
of  potential  collisions  with  the  line  or  increased  need  for  ground  application  of 
pesticides  and  herbicides  (conflicts  with  aerial  crop  spraying  operations  are 
expected  to  be  minimal  as  most  study  corridors  parallel  existing  transmission 
lines  in  agricultural  areas) 

•      economic  losses  to  farmers  due  to  loss  of  cropland,  reduced  crop  yields,  and 
additional  time  requirements  for  equipment  operation  and  labor 

Rangeland  uses  (grazing,  watering  facilities,  etc.)  would  be  affected  by  the  temporary  or 
potentially  long-term  displacement  of  forage  at  tower  sites  and  marshalling  yards,  and  by  the 
construction  of  new  access  roads.  Several  classes  of  Thematic  Mapper  (satellite  imagery) 
landcover  data,  representing  forage  vegetation  types,  were  selected  and  modeled  with  the 
groimd  disturbance  levels  to  determine  the  acreage  of  range  displaced.  The  results  were 
overlaid  on  range  allotment  mapping  from  the  inventory  to  develop  a  table  that  shows  the 
acreage  effect  by  allotment.  Because  the  sensitivity  level  of  range  is  considered  low  and 
long-term  effects  can  be  minimized,  impacts  to  range  caused  by  the  construction  and 
operation  of  the  SWIP  500kV  trar\smission  line  are  expected  only  to  result  in  low  residual 
impacts.   As  a  result  of  concerns  raised  during  the  SWIP  public  involvement  process,  range 
improvements  were  assigned  a  moderate  or  high  sensitivity. 

Potential  direct  impacts  to  range  improvements  like  corrals,  water  tanks,  wells,  and 
windmills  could  occur  along  the  centerline  of  the  selected  routes,  but  can  be  avoided  by 
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specific  siting  of  towers  and  placement  of  new  access  roads.  Other  range  improvements  such 
as  fences  and  water  lines  were  not  inventoried  because  the  potential  impacts  to  these  range 
improvements  would  be  minor  and  would  have  no  effect  on  a  routing  decision  these  impacts 
would  be  mitigated  through  the  specific  stipulations  of  the  Construction,  Operation,  and 
Maintenance  Plan  (also  refer  to  the  Generic  Mitigation  in  the  Objective,  Procedures  and 
Results  Technical  Report). 

The  crossing  or  paralleling  of  existing  utilities  is  a  matter  of  technical  coordination  and  realty 
agreements  with  the  affected  utilities.   Impacts  were  not  assessed  for  these  situations. 

The  potential  adverse  effects  of  the  transmission  line  project  to  operations  in  military 
airspaces  and  the  clearzones  of  airstrips  and  airports  would  require  contact  and  negotiation 
with  the  Department  of  Defense  and  the  Federal  Aviation  Administration. 

Parks,  Recreation,  and  Preservation  Areas  -  The  study  corridors  avoided  most  of  recreation 
uses  initially  identified  in  the  SWIP  regional  study.   Land  use  impacts  to  parks,  recreation, 
and  preservation  areas  occur  only  from  direct  conflict  with  the  proposed  transmission  line. 
However,  the  quality  of  the  recreation  experience  of  users  (indirect  effects)  of  developed  sites 
and  recreation  areas  (e.g.,  campgrounds,  picnic  areas,  natural  areas,  WSAs,  etc.)  may  be 
affected  by  the  construction  of  access  roads  (refer  to  Visual  Resources  Technical  Report).   In 
addition,  potential  impacts  may  not  comply  with  the  land  policy  and  land  management  plans 
of  federal,  state,  and  local  agencies. 

Potential  impacts  to  Special  Recreation  Management  Areas  (SMRA)  are  expected  to  be  low  in 
most  cases,  because  of  their  relatively  minor  land  use  sensitivity  to  transmission  structures. 
Though  preservation  areas  (e.g..  Wilderness  Study  Areas)  were  identified  within  the  study 
corridors,  none  were  crossed  by  proposed  centerUnes. 

Transportation  and  Access  -  The  impacts  to  highways,  roads,  and  other  travel  routes  would 
be  from  direct  physical  conflicts  and  right-of-way  encroachment.   Generally,  these  impacts 
are  avoided  simply  by  spanning.  Agreements  or  permits  can  usually  be  acquired  from  the 
administering  agency  for  the  crossing  of  most  road  rights-of-way. 

Mining  Claims  and  Extractive  Uses  -  Mining  claims  were  identified  within  most  of  the  study 
corridors  in  Nevada  and  Utah.   According  to  the  United  States  Mining  Law  of  1872,  mining 
claimants  not  only  acquired  the  mineral  interest  in  a  mining  claim,  but  also  acquired  the 
exclusive  right  of  "possession  and  enjoyment  of  all  the  surface"  included  within  the 
boundaries  of  the  claim. 

In  1955,  Congress  eriacted  the  Multiple  Surface  Use  Mining  Act  to  curtail  non-mining  uses  of 
the  surface  of  mining  claims.   The  claimant,  therefore,  has  possession  exclusively  for  mining 
purposes.   The  Government  and  its  licensees  may  under  proper  circumstances,  exercise 
rights-of-way  across  the  claim  so  long  as  in  doing  so  they  do  not  interrupt  the  mineral 
development  of  the  claim. 

Potential  impacts  to  mining  claims  were  not  assessed  because  the  BLM  has  the  authority  to 
grant  rights-of-way  across  mineral  claims.  The  total  mileage  of  mining  claims  crossed  by 
each  study  corridor  is  listed  in  Table  LU-1 .  This  table  quantifies  crossing  but  does  not  assign 
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impact  levels.  Further,  impacts  to  mining  claims  would  not  likely  contribute  significantly  to 
the  route  selection  process.  Claimants  along  the  selected  route  would  be  identified  and 
contacted  during  the  project  engineering  and  permitting  process. 

Impact  Model 

The  land  use  impact  assessment  model  combines  resource  sensitivity,  resource  quantity,  and 
resource  quality  to  predict  potential  impacts.  The  combination  of  the  three  assessment 
variables  determined  the  level  of  impact  (high,  moderate,  low,  or  no  identifiable  impact) 
assigned  to  each  land  use  category.  The  results  of  the  impact  assessment  and  mitigation 
planning  process  are  presented,  in  detail,  in  the  Data  Tables. 

Once  initial  impact  levels  were  established  along  the  study  corridors,  specific  measures  for 
mitigating  or  reducing  predicted  high  or  moderate  impact  levels  were  applied.   The 
"residual"  impact  represents  the  impacts  remaining  after  applying  the  mitigation  measures. 

The  following  section  describes  the  three  impact  assessment  variables  (also  see  Table  LU-3). 

Resource  Sensirivity 

The  objective  of  this  evaluation  is  to  determine  how  susceptible  the  different  land  uses  are  to 
changes  caused  by  the  construction  and  operation  of  the  SWIP  500kV  transmission  line.  To 
determine  the  sensitivity  of  the  inventoried  land  uses,  we  considered  the  functional,  social, 
and  economic  effects  to  each  land  use. 

Sensitivity  is  a  measure  of  the  probable  adverse  responses  that  a  land  use  would  have  to  the 
direct  and  indirect  impacts  associated  with  the  construction  and  operation  of  the  proposed 
transmission  line.  The  adverse  effects  depend  on  three  major  criteria: 

•  the  susceptibility  of  the  land  use  to  the  potential  changes  caused  by  construction 
and  operation  activities 

•  the  significance  of  the  potential  changes  to  the  land  use 

•  the  local  or  regional  importance  of  the  land  use 

Once  established,  these  sensitivity  criteria  were  systematically  applied  to  each  land  use.  The 
degree  or  level  to  which  each  land  use  is  sensitive  to  the  introduction  of  the  SWIP  SOOkV 
transmission  line  is  dependent  upon  the  relationship  between  the  above  criteria.  Table  LU-4 
depicts  this  relationship.  The  sensitivity  levels  for  the  land  uses  identified  in  the  inventory 
are  listed  in  Table  LU-5.  The  remainder  of  this  section  describes  the  components  of  the 
sensitivity  analysis. 
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Determination  of  Potential  Change  -  Potential  change  describes  the  physical/social  changes 
that  could  potentially  occur  to  a  land  use.  Changes  are  brought  about  by: 

•  acquisition  land  or  property  rights  to  accommodate  the  facilities 

•  installing  the  facilities 

•  the  physical  presence  and  operation  of  the  facilities 

•  managing  the  right-of-way  and  maintaining  the  facilities 

The  potential  for  change  from  introducing  transmission  line  facilities  differs  from  one  land 
use  category  to  another  with  respect  to  what  might  be  altered  and  to  what  extent.   This 
potential  for  change  is  predicted  evaluating  the  environmental  conditions,  the  project 
description,  and  implementation  specifications. 

Significance  of  the  Changes  -  The  effect  of  potential  changes  on  the  human  use  of  the  land 
is  described  in  levels  of  significance.   The  significance  of  any  physical,  economic  or 
psychological  change  relates  to  the  immediate  and  long-term  effects  that  the  change  may 
have,  either  directly  or  indirectly,  on  the  quality  of  life  of  the  people  inhabiting  or  utilizing 
the  area.   With  these  considerations  in  mind,  a  value  of  high,  moderate,  or  low  were  assigned 
to  land  uses  to  represent  the  potential  level  of  significance. 

Importance  of  the  Land  Use  -  Individual  land  use  categories  inherently  possess  differing 
values  within  the  context  of  the  environment  as  a  whole.   For  instance,  within  any  given 
region,  there  are  land  uses  that  are  functionally,  socially,  or  economically  more  valuable  than 
others.   Importance  indicates  a  measure  of  the  attitudes  of  the  users  of  the  affected  lands. 
The  local,  state,  or  regional  value  or  importance  of  each  land  use  was  rated  on  a  scale  of 
high,  moderate,  or  low. 

Resource  Quantity 

The  areal  extent  and  number  of  occurrences  of  an  environmental  change  are  intrinsic 
components  in  any  assessment  of  environmental  impact.  The  totals  of  impact  levels  increase 
as  a  function  of  the  number  of  individual  occurrences,  miles,  or  acres  of  a  given  impact  type. 
However,  the  relative  impacts  for  each  alternative  are  not  necessarily  directly  proportionate 
to  the  resource  quantity.   Impacts  were  not  accessed  based  on  resource  quantity  because  of 
the  inherent  difficulty  in  establishing  what  quantities  represent  high,  moderate,  or  low 
impacts.   Consequently,  resource  quantity  is  considered  in  route  selection  as  part  of  the  route 
comparison  and  evaluation  process. 

The  land  use  impact  tables  show  the  predicted  impact  levels  for  existing  and  planned  land 
uses  and  parks,  recreation,  and  preservation  areas.   Land  use  impacts  are  quantified  in  miles 
of  a  corresponding  impact  level  listed  by  mileposts  along  each  study  corridor  (refer  to  the 
Data  Tables). 

Resource  quantity  is  determined  by  calculating  the  amount  of  grovmd  disturbance  caused  by 
upgrading  existing  access  roads,  constructing  of  new  access  roads,  marshalling  yards,  and 
towers.   The  Ground  Disturbance  model  (refer  to  the  Objectives,  Procedures,  and  Results 
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Technical  Report)  used  USGS  digital  terrain  data  and  the  access  levels  (defined  in  the 
Objectives,  Procedures,  and  Results  Technical  Report)  to  determine  the  area  that  would  be 
disturbed  by  construction  activities. 

Resource  Quality 

The  resource  quality  variable  considers  the  condition  of  the  existing  land  uses  and  the 
environmental  setting  (e.g.  the  presence  or  absence  of  an  existing  linear  features).  Where  the 
proposed  500kV  transmission  line  would  parallel  an  existing  linear  feature,  land  disturbance 
would  usually  be  minimized,  potentially  resulting  in  fewer  impacts  to  existing  and  future 
land  uses.   However,  if  the  proposed  transmission  line  were  to  be  sited  where  there  is  no 
existing  linear  feature  (e.g.  transmission  line),  construction  generally  would  disturb  more 
land.   This  situation  would  result  in  potential  impacts  to  existing  land  uses  and  alteration  of 
future  land  uses  that  may  not  have  otherwise  occurred. 

Impact  Levels 

Resource  sensitivity  was  the  primary  element  in  determining  initial  impact  levels  for  land 
uses.   The  presence  or  absence  of  existing  parallel  transmission  lines  modified  the  sensitivity 
level,  while  access  and  ground  disturbance  levels  quantified  the  area  of  impact.   In  addition, 
site  specific  circumstances  were  considered,  and  in  some  cases  modified  the  impact  level. 
Agency,  utility,  or  public  concerns  helped  determine  site-specific  factors. 

The  impact  levels  are  defined  as  follows: 


High 


Moderate 


Low 


assigned  to  those  categories  where  the  officially  stated  or  approved 
land  use  restriction,  plan,  or  policy  would  be  violated,  or  where  land 
use  sensitivity  was  moderate  but  has  modified  by  the  lack  of  access 
or  no  existing  linear  features 

assigned  to  those  categories  whose  sensitivity  is  moderate  and  where 
there  is  adequate  access  and /or  an  existing  transmission  line  is 
present,  or  where  sensitivity  is  minimum,  new  access  would  be 
required,  and  there  is  no  existing  transmission  line 

assigned  to  those  categories  where  sensitivity  is  minimum  (excluding 
the  above) 


No  Identifiable   assigned  to  those  categories  where  no  measurable  impact  would 
Impact  occur 
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Mitigation 

Generic  and  selective  mitigation  measures  were  applied,  where  appropriate,  to  minimize  the 
potential  initial  high  and  moderate  impacts  levels  identified  through  the  impact  assessment 
model  (also  refer  to  Generic  Mitigation  Measures  and  Selectively  Committed  Mitigation 
Measures  in  the  Objective,  Procedures,  and  Results  Technical  Report).   Four  of  the  measures 
from  the  list  of  Selectively  Committed  Mitigation  Measures  (1,  4,  6,  and  8)  were 
recommended  to  reduce  potential  impacts  resulting  from  the  construction  and  operation  of 
the  proposed  transmission  line: 

1 .     No  widening  or  upgrading  of  existing  access  roads  would  be  undertaken  in  the 
area.   This  would  minimize  ground  disturbance  and  limit  new  or  improved 
access  ability.  This  measure  is  committed  to  where  helicopter  or  roadless 
construction  is  required  by  one  of  the  federal  agencies  in  areas  of  limited  existing 
access,  or  where  soils  and  vegetation  are  very  sensitive.  This  measure  can  also  be 
applied  to  limit  the  disturbance  at  tower  sites  and  staging  areas. 

4.     All  access  roads  not  required  for  maintenance  would  be  permanently  closed  using 
the  most  effective  and  least  environmentally  damaging  methods  appropriate  to 
that  area  with  concurrence  of  the  landowner  (e.g.,  stockpiling  and  replacing 
topsoil,  or  rock  replacement).  This  would  limit  new  or  improved  accessibility 
into  the  area. 

6.     In  designated  areas,  structures  would  be  placed  to  avoid  sensitive  featiires  (e.g., 
residences,  canals,  and  wells)  and /or  to  allow  conductors  to  clearly  span  the 
features,  within  limits  of  standard  tower  design.  This  would  minimize  the 
amount  of  sensitive  features  disturbed. 

8.     At  highway  or  trail  crossings,  towers  are  to  be  placed  at  maximum  feasible 
distance  from  the  crossing. 


Results 

Ii\itial  impact  levels  identified  along  the  study  corridors  were  determined  according  to  the 
land  use  impact  assessment  model  developed  for  this  study.   For  a  particular  land  use 
feature  or  area  of  affected  resource,  only  the  impact  within  the  assumed  centerline  of  the 
each  study  corridor  was  assessed.   Residual  impact  levels  were  determined  according  to  the 
potential  effect  of  appropriate  mitigation. 

The  Data  Tables  display  the  results  of  the  impact  assessment  and  mitigation  planning 
process.  The  Data  Tables  show,  by  link,  the  milepost  location  of  potential  impacts,  access 
and  ground  disturbance  level,  the  land  use  feature,  initial  impact  levels,  committed 
mitigation  measures,  and  residual  impact  levels. 
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Alternative  Transmission  Line  Study  Corridors 

Idaho 

Potential  high  initial  impacts  to  existing  and  planned  land  uses  in  Idaho  include  agricultiiral 
improvements  and  facilities  (e.g.,  stockyard /feed  lot/dairy,  water  tanks,  windmills,  and 
wells),  a  gravel  pit/quarry,  and  irrigated  prime  and  unique  farmland.   Link  30  would  result 
in  direct  impacts  to  several  structures  located  at  a  feedlot  south  of  the  Minidoka  Relocation 
Center  Historic  Interpretive  Site.   It  would  be  necessary  to  remove  or  relocate  these  structures 
to  permit  construction  along  this  study  corridor. 

In  addition,  there  may  be  potentially  high  indirect  impacts  to  seven  residences  (refer  to  the 
Visual  Resources  Technical  Report)  and  a  radio  facility.  Committed  mitigation  for  impacts  to 
these  land  uses  includes  avoidance  through  routing  and  tower  siting  to  minimize  conflicts 
with  sensitive  features.   Re-routing  would  eliminate  potential  high  impacts  to  the  residences. 
Specific  tower  siting  and  the  use  of  alternative  tower  designs  would  reduce  the  high  impacts 
to  agricultural  improvements  and  facilities  to  a  low  or  no  identifiable  impact  level.  Similarly, 
initial  moderate  impacts  to  the  gravel  pit/quarry  and  radio  facility  would  be  reduced  to  a 
low  to  no  identifiable  residual  impact  through  routing  and  tower  placement.   Long-term 
impacts  to  croplands  are  expected  to  be  minimal  along  the  study  corridors  that  parallel 
existing  transmission  lines. 

Transmission  lines  and  towers  present  difficulties  to  aerial  applications  and  increase 
additional  costs  to  farmers.   These  structures  are  obstacles  and  hazards,  particularly  at  night, 
to  aircraft  performing  aerial  application  of  pesticides,  and  fertilizers.   Additional  amoimts  of 
pesticides  needed  to  cover  these  areas  around  structures  are  charged  directly  to  the  farmer. 
The  clear  zone  for  a  utility  airstrip  located  west  of  the  centerline  near  Hagerman  (Link  64) 
may  be  impacted.  The  only  effective  mitigation  measure  would  be  to  route  the  line  to  avoid 
potential  physical  or  operational  conflicts. 

Potential  high  initial  impacts  to  park,  recreation,  and  preservation  areas  in  Idaho  would 
include  the  Minidoka  Relocation  Center  (Link  20),  the  Oregon  Trail  (Links  41,  61,  64),  and  the 
Hagerman  Fossil  Beds  National  Monument  (Links  63,  64).   Impacts  to  the  Minidoka 
Relocation  Center  and  the  Hagerman  Fossil  Beds  would  be  mitigated  by  avoiding  these 
features.   Residual  impacts  would  be  reduced  to  low  to  not  identifiable.   High  initial  impacts 
to  the  Oregon  Trail  would  be  mitigated  by  placing  towers  at  a  maximum  feasible  distance 
from  the  crossing. 

The  Snake  River  Rim  Recreation  Area  SRMA  (Links  41,  61),  the  Salmon  Falls  Creek  Reservoir 
SRMA  (Links  50,  64,  70),  and  the  Salmon  Falls  Creek  SRMA  (Link  70)  would  have  an  initial 
impact  level  of  moderate  because  of  moderate  sensitivity  and  the  presence  of  existing 
transmission  lines  along  the  study  corridors  through  these  areas.   Mitigation  measures  to 
limit  ground  disturbance  would  reduce  the  residual  impacts. 
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Nevada 

Potential  initial  impacts  to  existing  and  planned  land  uses  in  Nevada  include  agricultural 
improvements  (e.g.,  water  tanks,  windmills,  wells,  corrals)  and  irrigated  prime  and  unique 
farmland.   In  addition,  there  may  be  potentially  high  indirect  impacts  to  four  residences 
(refer  to  Visual  Resources  Technical  Report)  and  a  school.   Committed  mitigation  for  impacts 
to  the  residences,  agricultural  improvements,  and  the  school  is  the  avoidance  of  these 
features  through  specific  routing  and  tower  placement  to  minimize  conflicts.  These  measures 
are  expected  to  reduce  potential  high  impacts  to  these  land  uses  to  a  low  or  no  identifiable 
residual  level.  Moderate  initial  impacts  occur  where  the  centerline  would  cross  gravel  pits  or 
quarries  and  undeveloped  land  within  the  city  boundaries  of  Wells.   Mitigation  to  avoid 
these  features  through  routing  or  tower  placement  would  reduce  these  impacts  to  low  or  no 
identifiable  levels.   Long-term  impacts  to  croplands  would  be  minimal  along  the  study 
corridors  that  parallel  existing  transmission  lines. 

High  initial  impacts  would  be  expected  to  military  operating  areas  (MOAs),  from  the  Ely  area 
to  Dry  Lake  (Links  672,  673,  675,  690)  in  southern  Nevada.   The  construction  and  operation 
of  the  proposed  500kV  transmission  line  in  these  MOAs  would  have  potentially  direct 
conflicts  with  low-level  flight  training  operations.   Nellis  Air  Force  Base  has  expressed 
concerns  that  the  height  and  location  of  towers  could  interfere  with  low-level  flying  and 
would  be  potentially  hazardous  to  pilots.   In  addition,  the  Air  Force  would  have  to  alter 
flight  plans  and  established  training  exercises.   The  use  of  shorter  towers  is  expected  to 
effectively  mitigate  the  impacts  to  a  moderate  level. 

Potential  impacts  at  the  edge  of  an  airstrip  clear  zone  in  Dry  Lake  Valley  (Link  671)  may  be 
mitigated  by  routing  the  line  to  avoid  potential  physical  or  operational  conflicts.   If  minor 
rerouting  of  the  line  were  not  possible,  the  airport  clear  zone  would  be  crossed  by  the  line 
resulting  in  high  residual  impacts. 

High  initial  impacts  to  park,  recreation,  and  preservation  areas  in  Nevada  would  include 
potential  physical  impacts  to  the  California  National  Study  Trail,  the  California  Trail 
Backcountry  Byway,  and  the  Pony  Express  Trail.   Moderate  initial  impacts  would  include 
potential  physical  impacts  to  the  Salmon  Falls  Creek  SRMA  (Link  70).   Impacts  to  the 
California  National  Study  Trail,  the  California  Trail  Backcountry  Byway,  and  the  Pony 
Express  Trail  would  be  minimized  by  placing  towers  at  the  maximum  feasible  distance  from 
the  crossing.   Similarly,  impacts  to  the  Salmon  Falls  Creek  SRMA  would  be  reduced  to  low 
by  routing  and  tower  placement  to  avoid  sensitive  features.   Moderate  to  high  impacts  to  the 
quality  of  recreational  experience  associated  with  recreational  or  scenic  use  occur  with  the 
proposed  Kane  Springs  Backcountry  Byway  (Link  680)  and  U.S.  Highway  93,  a  designated 
scenic  route  (Links  671,  675).  These  potential  impacts  could  degrade  the  recreational 
experience  for  trail  users  in  the  vicinity  of  the  crossings  (also  refer  to  the  Visual  Resources 
Technical  Report). 
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Utah 

Potential  high  initial  impacts  to  existing  and  planned  land  uses  in  Utah  would  be  limited  to 
agricultural  uses  and  military  operating  areas  (MOAs)  and  restricted  areas.   Long-term 
impacts  to  croplands  would  be  minimal  along  the  study  corridors  that  parallel  existing 
transmission  lines. 

High  initial  impacts  would  occur  to  portions  of  the  R-6045  Restricted  Area  (Link  630),  and 
portions  of  the  Gandy,  Sevier  A,  and  Sevier  B  MOAs  (Links  265,  267,  268,  462,  470,  540,  571, 
572,  580,  620,  621,  630,  and  640).  These  areas  are  part  of  the  Utah  Testing  and  Trairung 
Range  (UTTR)  operated  by  Hill  Air  Force  Base.  The  construction  and  operation  of  the 
proposed  500kv  transmission  line  in  these  MOAs  would  potentially  have  direct  conflicts  with 
low  level  flight  training  operations  in  these  areas.   Hill  Air  Force  Base  has  expressed  concerns 
that  the  height  and  location  of  towers  in  the  MOAs  or  in  the  Restricted  Area  could  interfere 
with  low-level  flying,  and  would  be  potentially  hazardous  to  pilots.   Further,  the  Air  Force 
would  have  to  alter  flight  plans  and  established  training  exercises. 

Potential  conflicts  would  be  minimized  through  the  use  of  shorter  towers  in  critical  areas 
resulting  in  moderate  residual  impacts.   The  Project  Sponsor  has  negotiated  locations  for 
shorter  towers  in  negotiations  with  Hill  Air  Force  Base.   In  the  R-6045  Restricted  Area,  Hill 
Air  Force  Base  has  stated  that  30  foot  high  towers  would  be  required  to  avoid  potential 
conflicts  with  low-flying  aircraft.  The  minimum  ground  clearance  for  a  500kV  transmission 
line  would  make  the  use  of  study  corridors  in  the  area  unfeasible. 

No  high  initial  impacts  are  expected  to  park,  recreation,  and  preservation  areas  in  Utah. 
Moderate  initial  impacts  may  occur  in  (DRV  limited  use  areas  (Links  450,  590).   Mitigation 
would  include  limiting  access  disturbance  and  avoiding  these  features  through  routing  and 
tower  placement. 

Substation  and  Series  Compensation  Station  Siting  Areas 
Idaho 

No  substations  or  series  compensation  station  siting  areas  occur  within  Idaho. 

Nevada 

us  Highway  93  Series  Compensation  Station  Siting  Area  -  Construction  of  a  facility  within 
this  siting  area  could  potentially  impact  a  railroad,  a  roadside  rest  area,  range  improvements, 
and  the  California  National  Study  Trail.   In  addition  there  may  be  potentially  high  indirect 
impacts  to  six  residences.   Mitigation  to  reduce  these  potentially  high  impacts  involve  siting 
the  facility  to  avoid  sensitive  land  uses,  or  to  restore  or  replace  those  land  uses  that  are 
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affected.   Impacts  to  the  California  National  Study  TraU  are  expected  to  be  minimized  by 
placing  towers  at  the  maximum  feasible  distance  from  the  crossing. 

Thousand  Springs  Series  Compensation  Station  Siting  Area  -  Construction  of  a  facility 
within  this  siting  area  could  have  potentially  high  initial  impacts  to  a  railroad,  oil  wells,  and 
range  improvements.   Mitigation  includes  siting  the  facility  to  avoid  sensitive  land  uses,  or  to 
restore  or  replace  those  land  uses  that  are  affected,  and  would  result  in  a  low  residual 
impact. 

Goshute  Valley  Series  Compensation  Station  Siting  Area  -  Construction  of  a  facility  within 
this  siting  area  could  have  potentially  high  initial  impacts  to  a  railroad,  oil  wells,  and  range 
improvements.   Mitigation  includes  siting  the  facility  to  avoid  sensitive  land  uses,  or  to 
restore  or  replace  those  land  uses  that  are  affected,  and  would  result  in  a  low  residual 
impact. 

North  Steptoe  Substation  Siting  Area  -  In  the  North  Steptoe  Substation  siting  area, 
dispersed  agricultural  land  may  be  impacted.   Mitigation  includes  siting  the  facility  to  avoid 
sensitive  land  uses,  or  to  restore  or  replace  those  land  uses  that  are  affected,  and  would 
result  in  a  low  residual  impact. 

Robinson  Summit  Substation  Siting  Area  -  Range  improvements  may  be  impacted  within 
the  Robinson  Summit  substation  siting  area.   Mitigation  to  reduce  these  potential  impacts 
includes  avoidance  of  all  sensitive  land  uses  or  restoration/replacement  of  affected  land  uses. 
Utilization  of  these  measures  would  result  in  a  low  residual  impact. 

Hercules  Gap  Substation  Siting  Area  -  Within  the  Hercules  Gap  Substation  siting  area, 
major  impacts  could  potentially  occur  to  approximately  70  residences,  a  railroad,  a  prison,  an 
electric  power  substation,  and  to  agricultural  improvements. 

Dry  Lake  Substation  Siting  Area  -  No  land  uses  would  be  effected  by  the  construction  of 
this  substation  siting  area. 


Utah 

Smelter  Hills  Substation  Siting  Area  -  Range  uses  are  the  only  land  uses  that  would  be 
effected  by  the  construction  of  a  substation  in  this  siting  area. 

Sevier  Substation  Siting  Area  -  Range  uses  are  the  only  land  uses  that  would  be  effected  by 
the  construction  of  a  substation  in  this  siting  area. 

Intermountain  Substation  Siting  Area  -  Construction  and  operation  of  a  substation  in  this 
siting  area  could  potentially  have  indirect  impacts  to  three  residences  and  range 
improvements.   Mitigation  measures  to  reduce  the  potential  impact  to  the  residences  and 
range  improvements  include  avoidance  through  siting  and  replacement  or  restoration  to 
these  land  uses  affected. 
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Microwave  Facilities  Sites 

Potential  impacts  to  existing,  planned,  and  designated  land  uses  were  largely  avoided  during 
facilities  siting.   Existing  roads  to  currently  developed  sites  would  be  adequate  with  only 
minor  upgrades.  Undeveloped  sites  would  be  accessed  by  helicopter  and  would  use  solar 
power  to  operate  the  facilities.   Potential  impacts  to  range  uses  would  consist  of  the  long- 
term  loss  of  less  than  one-quarter  acre  of  production  per  site. 
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TABLES 


TABLE  LU-1 

Mining  Claims  Crossed 


Midpoint  to  Dry  Lake  Routes 


Ely  to  Delta  Routes 


Link# 

Miles 

10 

0.0 

20 

0.0 

40 

8.4 

41 

1.6 

50 

0.0 

70 

0.0 

72 

0.0 

91 

0.0 

92 

9.3 

711 

0.0 

714 

0.0 

101 

1.3 

713 

1.4 

715 

1.7 

102 

3.1 

110 

0.8 

130 

1.5 

140 

2.4 

141 

0.0 

142 

0.0 

144 

0.0 

150 

0.7 

151 

0.0 

160 

1.5 

161 

0.0 

162 

2.0 

166 

2.4 

167 

2.1 

1611 

3.1 

1612 

0.6 

1613 

0.0 

152 

0.0 

180 

5.7 

190 

0.0 

200 

0.5 

211 

0.0 

212 

0.0 

221 

0.0 

222 

6.7 

224 

4.9 

226 

10.2 

Link#       Miles 


230 

0.4 

241 

0.0 

243 

0.0 

245 

0.0 

250 

2.0 

259 

0.0 

260 

0.0 

261 

0.2 

270 

1.6 

280 

5.1 

291 

0.0 

293 

1.4 

310 

1.3 

340 

0.2 

362 

0.0 

363 

2.2 

669 

1.6 

670 

0.0 

671 

0.0 

672 

0.0 

673 

0.0 

674 

0.8 

675 

0.7 

680 

0.2 

690 

3.5 

700 

1.5 

720 

0.8 

730 

4.6 

740 

0.0 

750 

0.0 

760 

0.0 

770 

0.0 

780 

0.0 

790 

0.0 

800 

1.3 

810 

0.0 

820 

0.0 

830 

1.3 

840 

0.5 

Link# 

Miles 

262 

0.0 

263 

2.0 

265 

0.0 

266 

4.2 

267 

0.5 

268 

0.0 

340 

0.2 

350 

1.6 

351 

0.0 

352 

0.3 

362 

0.0 

364 

0.0 

370 

3.6 

380 

9.8 

420 

0.0 

430 

0.0 

450 

0.0 

451 

1.7 

460 

13.2 

461 

0.0 

462 

0.2 

470 

0.0 

490 

0.0 

510 

0.0 

540 

0.0 

560 

0.0 

571 

0.0 

572 

0.0 

580 

0.0 

581 

0.0 

582 

0.0 

640 

0.0 

Total: 


37.3 


Total: 


103.1 
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TABLE  LU-3 


Land  Use  Impact  Model 


Quality 


Sensitivity 
Level 

High 

(No  Existing  Access 

or  Transmission 

Line) 

Low 

(Existing  Access 

and/or  Transmission 

Line) 

MAXIMUM 

HIGH 

HIGH 

MAJOR 

HIGH 

MODERATE 

MODERAIH 

MODERAIH 

LOW 

MINOR 

LOW 

NEGLIGIBLE 
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TABLE  LU-4 


Land  Use  Sensitivity  Levels 


Importance 
of 

Significance  of  Chan 

ige 

Land  Use  Category 

High 

Moderate 

Low 

HIGH 

MAXIMUM 

MAJOR 

MODERATE 

MODERATE 

MAJOR 

MODERATEMINOR 

LOW 

MODERATE 

MINOR 

MINOR 

The  sensitivity  levels  were  defined  as  follows: 


MAXIMUM 


MAJOR 


Assigned  to  those  land  use  categories  where  the  officially  stated  or 
approved  land  use  restriction,  plan  or  policy  would  be  violated  by  the 
introduction  of  transnnission  facilities  or  where  both  elements  were  rated 
high. 

Assigned  to  those  categories  where  one  of  the  elements,  either  the 
importance  of  the  land  use  category  or  the  significance  of  the  potential 
changes  to  that  category,  was  rated  high  while  the  other  was  rated 
moderate. 


MODERATE  -  Assigned  to  those  categories  where  one  of  the  elements,  either  the 
importance  of  the  land  use  category  or  the  significance  of  the  potential 
changes  to  that  category,  was  rated  high  while  the  other  was  low,  or  where 
both  elements  were  rated  as  moderate. 

MINOR  -  Assigned   to  those  categories  where  one  of  the  elements,   either  the 

importance  of  the  land  use  category  or  the  significance  of  the  changes  to 
that  category,  was  rated  moderate  while  the  other  element  was  rated  low, 
or  where  both  elements  were  rated  as  low. 
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TABLE  LU-5 


Inventory  Sensitivity  Levels 


Existing  and  Planned  Land  Use 

Residential 

Dwelling  Unit 
Developed  Subdivision 
Partially  Developed  Subdivision 
Undeveloped  Subdivision 

Public  and  Quasi-Public 
School 
Cemetery 
Prison 
Golf  Course 
Rest  Area /Road  Wayside 

Air  Facilities 

Airport  Interference  Zone 
Airstrip  Interference  Zone 

Commercial  and  Industrial 
Extraction 
Junkyard 
Pipeline 
Power  Plant 
Power  Substation 
Sewage  E>isposal 
Existing  Railroad 
Abandoned  Railroad 
Radio  Facility 
AT&T  Transcontinental  Buried  Cable 

Agricultural  Improvements 

(including  water  tanks,  wells, 
windmills,  canals,  corrals, 
stockyard,  feedlot,  dairy) 

Agriculture 

Irrigated  Prime/Unique  Farmland 
Center  Pivot 
Roller 
Flood 


Major 
Major 
Major 
Major 


Maximum 

Major 

Major 

Major 

Moderate 


Major 
Major 


Moderate 

Moderate 

Major 

Major 

Major 

Moderate 

Major 

Moderate/Minor 

Major 

Major 


Moderate 


Major 
Major 
Major 
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Table  LU-5  (Continued) 
Inventory  Sensitivity  Levels 

Irrigated  Other  Farmland 

Center  Pivot 

Roller 

Flood 
Non-Irrigated  Prime/Unique  Farmland 
Non-Irrigated  Other  Farmland 
Fallow /Not  Farmed,  Prime/Unique  Farmland 
Fallow /Not  Farmed,  Other  Farmland 


Major 

Major 

Moderate 

Moderate 

Minor 

Moderate 

Minor 


Parks,  Recreation,  and  Preservation 


Federal 


BLM  Wilderness  Study  Area  (WSA)  Maximum 

BLM  Area  of  Critical  Environmental  Concern  (ACEC)  Major 

BLM  Special/Natural  Area  Major 

BLM  Special  Recreation  Management  Area  (SRMA)  Moderate 

BLM  Existing  and  Proposed  Recreation  Sites  Major 

BLM  Off-Road  Vehicle  (ORV)  Use  Area  Minor 

BLM  Scenic  Loop  Moderate 

National  Park/National  Monument  Maximum 

National  Trail  Major 

Scenic  Highway  Minor 


State 


State  Park 

Wildlife  Management  Area 


Major 
Moderate 


Local 


Other 


City  Park 
Community  Park 
Fairgrounds 


Private  Recreation  Development 


Major 
Major 
Major 


Moderate 
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CHAPTER  6 


VISUAL  RESOURCES 


CHAPTER  6 
VISUAL  RESOURCES 


INTRODUCTION 

This  report  documents  the  existing  condition  of  visual  resources  in  the  vicinity  of  the  study 
corridors  for  the  Southwest  Intertie  Project  (SWIP).  Visual  resources  have  been  inventoried 
within  a  six-mile-wide  corridor,  three  miles  each  side  of  the  assumed  centerlines  for  a 
network  of  over  2000  miles  of  study  corridors.   In  addition,  data  have  also  been  gathered  for 
all  substation  and  series  compensation  station  siting  areas,  and  microwave  facility  sites. 

The  study  has  been  conducted  in  compliance  with  the  USDI  Bureau  of  Land  Management 
(BLM)  Visual  Resource  Management  Inventory  and  Contrast  Rating  System  (VRM  Manual, 
January  1986)  and  the  USDA  Forest  Service  (FS)  Visual  Management  System  (VMS)  (FS,  April 
1974).   A  regional  environmental  study  was  performed  in  late  1988  and  early  1989  to  identify 
potential  transmission  line  corridors  within  the  study  corridors  (Dames  &  Moore,  April  1989). 
This  regional  information  has  been  updated  with  detailed  visual  resource  data  gathered 
during  field  studies  conducted  between  June  and  September  of  1989  and  other  relevant  data 
gathered  for  the  corridor  studies  (e.g.,  satellite  innagery  and  land  use  data)  for  the  portions  of 
the  project  from  Midpoint  to  Ely  and  Ely  to  Delta.   Field  studies  and  data  collection  for  the 
portion  from  Ely  to  Dry  Lake  were  conducted  in  June,  1990  and  September  1991. 

The  visual  resource  inventory  includes  landscape  character  types,  scenic  quality,  visual 
sensitivity,  visibility,  and  visual  resource  management  (VRM)  classes  for  lands  under  BLM 
jurisdiction  or  visual  quality  objectives  (VQP)  for  FS  lands.   This  inventory  was  used  to 
assess  potential  visual  impacts  of  the  various  alternatives.   The  study  corridors  extend  from 
the  Midpoint  Substation  near  Twin  Falls,  Idaho,  south  to  Ely,  Nevada,  and  then  continue 
south  to  the  Dry  Lake  substation  siting  area  north  of  Las  Vegas,  Nevada.   In  addition,  study 
corridors  also  extend  east  from  Ely,  Nevada  to  the  Intermountain  Generating  Station  in  the 
vicinity  of  Delta,  Utah. 

Overview 

Physiography 

The  study  corridors  fall  into  the  Columbia  Plateau  and  Basin  and  Range  physiographic 
provinces  (Fenneman,  1931).  The  landscapes  of  these  provinces  generally  have  relatively 
open,  uninterrupted  views  and  minimal  overstory  vegetation  cover.  The  characteristics  of 
these  areas  are  discussed  below  by  physiographic  province.   Figure  VR-1  illustrates  the  major 
physiographic  provinces  of  the  western  United  States.  A  separate  discussion  of  cultural 
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modifications  (e.g.,  urban  areas,  public  lands  management,  industrial  development)  is  also 
included. 


Columbia  Plateau 

Northern  portions  of  the  study  corridors,  southern  Idaho  and  northeastern  Nevada,  are  in  the 
Snake  River  Plain  section  of  the  Columbia  Plateau  physiographic  province.   This  section  is  a 
vast,  relatively  flat  plain  and  yoimg  lava  plateau,  which  is  deeply  dissected  by  the  Snake 
River  and  Salmon  Falls  Creek.  Irrigated  agricultural  lands,  this  area's  main  land  use,  are 
found  clustered  north  and  south  along  the  Snake  River.   The  Snake  River  and  Salmon  Falls 
Creek  canyons  are  the  dominant  landscape  features  within  this  area.  These  canyons  were 
formed  through  many  millennia  of  erosion  following  the  great  flood  from  Bonneville  Lake 
that  initially  cut  through  the  lava  cap. 

To  the  south  of  the  Snake  River  Plain,  agricultural  areas,  on  the  plains,  end  as  they  meet 
bordering  foothills  and  mountains  in  a  transitional  landscape  between  the  Basin  and  Range 
and  Columbia  Plateau  provinces.  This  transitional  landscape  includes  foothills,  plateaus, 
mesas,  and  buttes  formed  of  eroded  lava  and  sedimentary  rock  layers. 

Sage  brush  vegetation  communities  dominate  the  vegetative  cover  in  areas  that  are  not  under 
cultivation.   Deeper  soils  may  support  bunch  grasses  interspersed  with  the  sage. 
Cottonwood  and  other  riparian  species  line  the  banks  of  the  Snake  River  where  the  breadth 
of  the  canyon  pemnits.   The  mountainous  areas  within  this  province  are  sparsely  covered  by 
open  canopy  coniferous  forests. 

Basin  and  Range 

The  majority  of  the  study  corridors,  including  northeastern  and  southern  Nevada  and 
western  Utah,  fall  within  the  Basin  and  Range  physiographic  province.   Topographically,  this 
landscape  is  distinguished  by  isolated,  roughly  parallel  mountain  ranges  separated  by  closed 
(undrained)  desert  basins.  The  mountain  ranges  often  run  50  to  75  miles  in  length  and  are 
generally  north-south  trending.   A  unique  characteristic  of  the  province  in  northeastern 
Nevada  is  the  dissected  and  rolling  foothills.  This  area  is  a  transition  zone  between  this 
physiographic  province  and  the  Columbia  Plateau. 

Surrounding  the  base  of  the  mountains  and  extending  into  the  basins,  there  are  often 
distinctive  alluvial  areas.  These  alluvial  areas  are  sometimes  many  miles  wide.  Where 
streams  emerge  from  the  mountains,  these  alluvial  areas  usually  contain  denser  vegetation 
along  water  courses  and  are  generally  more  distinctive  than  the  basins.  The  lower  slopes  of 
the  alluvial  fai\s  have  broad,  less  dissected  slopes,  generally  perceived  as  part  of  the  basin 
landscape.   Many  of  the  basins  are  closed  drainage  systems  and  often  having  playas  or  alkali 
flats  at  their  lowest  points. 

Portions  of  the  study  corridors  in  western  Utah  also  include  a  transition  zone  of  the  Basin 
and  Range  province  into  what  is  locally  referred  to  as  the  "West  Desert"  landscape.   This 
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Figure  VR-1 


landscape  includes  portions  of  the  Sevier  Desert  and  Sevier  Lake.   The  topography  within 
this  area  is  extremely  flat  and  includes  large  playas  or  mud  flat  areas,  that  exhibit  little 
landform  diversity.   Again,  these  areas  are  divided  by  rugged,  rocky  mountain  ranges. 

Sagebrush  and  desert  scrub  communities  dominate  the  vegetation  cover  found  within  this 
"West  Desert"  region.   These  communities  may  vary  in  density  and  size  and  are  often 
accompanied  by  less  widely  distributed  bunch  grasses.   Most  of  the  foothills  and 
mountainous  areas  of  Nevada  and  western  Utah  are  sparsely  vegetated  with  scattered 
juniper  and  pifton  pine  on  their  middle  slopes  and  mountain  mahogany  in  the  sharply 
dissected  canyons. 

Cultural  Modifications 

Cultural  modifications  are  found  scattered  throughout  the  study  corridors,  and  include 
commimities,  dispersed  rural  residences  and  agricultural  facilities,  agricultural  lands,  mines, 
and  numerous  highways  and  other  roads.   In  many  areas  on  public  land,  the  range 
improvement  practice  of  chaining  sagebrush  and  scrub  vegetation  is  evident. 

The  communities  in  the  study  corridors  range  in  scale  from  modest  sized  towns  to  small 
rural  establishments.  In  Idaho,  communities  within  the  study  corridors  include  the  rural 
communities  of  Hansen,  Eden,  Hagerman,  and  Rogerson. 

Within  the  study  corridors  in  Nevada,  Ely  is  the  largest  town.  Other  smaller  communities 
include  McGill,  Contact,  Wells,  and  smaller  roadside  stops  like  Oasis,  Lages  Station,  and 
Majors  Place. 

In  Utah,  the  town  of  Delta  and  outlying  areas  of  Hinkley,  Sutherland,  Abraham,  and 
Sugarville  are  located  south  and  east  of  the  Intermountain  Generating  Station  in  the  vicinity 
of  study  corridors. 

Agricultural  activities  are  concentrated  around  areas  near  Twin  Falls,  Idaho  and  Delta,  Utah. 
Dispersed  agricultural  activity  occurs  throughout  the  central  basin  areas  in  Nevada  and  Utah. 

Issues 

Significant  issues  with  respect  to  potential  impacts  to  visual  resources  within  the  study 
corridors  are  described  in  the  results  sections  of  this  document.   Direct,  long  term  impacts  are 
expected  in  areas  where  alternative  corridors  are  in  the  vicinity  of  cities,  towns,  communities, 
and  other  population  concentrations.   Concern  for  the  visual  effects  associated  with  the 
construction  and  operation  of  the  proposed  500kV  transmission  line  project  include  potential 
impacts  to: 

•      views  from  residences  -  rural  residences  and  small  communities  dispersed  in 
agriculture  lands  of  the  Snake  River  Valley  in  the  vicinity  of  Delta,  Utah 
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•  views  from  parks,  recreation,  and  preservation  areas  -  potential  views  from 
existing  and  proposed  facilities  at  Great  Basin  National  Park,  Hagerman  Fossil 
Beds  National  Monument  and  other  developed  sites  including  national 
monuments,  state  parks,  and  other  public  and  private  recreation  areas 

•  views  from  highways  -  back  country  byways,  scenic  loops,  and  scenic  routes,  (e.g. 
U.S.  Highway  93  scenic  route  south  of  Majors  Place,  Nevada) 

•  views  from  sensitive  cultural  sites  -  Minidoka  Relocation  Center  and  other 
national  register  sites  or  districts 

•  visual  resource  management  -  compliance  with  agency  visual  management 
designations 

•  scenic  quality  -  impacts  affecting  inherent  aesthetic  value  of  the  landscape 

Study  Personnel 

The  visual  resource  study  team  was  comprised  of  several  landscape  architects  and  visual 
resource  analysts  from  Dames  &  Moore.   Mr.  James  Jensen  -  project  manager,  Mr.  Greg  Gault 
-  principle  investigator,  Mr.  Tim  Tetherow  and  Dr.  Stephen  Sheppard  -  special  advisors,  and 
Mr.  Geoffrey  Pool,  Mr.  Paul  Trenter,  Mr.  Brian  Strand  -  visual  resource  analysts,  and  Mr. 
Chuck  Cornwall  and  Mr.  Joe  Merkel  -  simulation  artists.   In  addition,  the  team  worked 
closely  with  members  of  the  project  steering  committee  from  the  BLM,  FS,  and  Great  Basin 
National  Park.   Members  from  these  agencies  assisted  in  the  review  of  methodologies  and 
results  for  the  visual  resources  study. 

Mr.  Jensen,  project  manager  for  the  SWIP  environmental  studies,  participated  in  developing 
the  visual  resource  study  methodology  and  reviewed  inventory  results.   He  has  conducted  or 
participated  in  visual  resource  analysis  and  photosimulations  on  many  transmission  line 
projects  throughout  the  western  United  States,  including  the  Arizona  Interconnection  Project 
Environmental  Impact  Statement/Plan  Amendment  (EIS/PA),  the  Geothermal  Public  Power 
Line,  Great  Falls  to  Conrad  EIS,  Archer-Stegall  Environmental  Assessment  (EA),  Springerville 
to  Deming  EIS,  McCullough-Victorville  EIS,  Dineh  Power  Project,  Devers-Palo  Verde  #2 
Transmission  Line  Project,  Metro  Northwest  Facility  Siting  Study,  and  Scottsdale  Facility 
Siting  Study.  In  addition,  Mr.  Jensen  has  conducted  visual  resource  assessments  for  landfill, 
hydroelectric  facility,  coal-fired  power  plant,  fiber  optic,  and  urban  freeway  projects.   He  has 
also  conducted  numerous  other  recreation,  rehabilitation,  and  environmental  studies 
throughout  the  West.   Mr.  Jensen  has  a  Bachelor's  degree  in  Landscape  Architecture  and  a 
Master's  degree  in  Environmental  Studies,  and  is  a  registered  Landscape  Architect  in 
Arizona,  New  Mexico,  Montana,  and  Idaho  (pending). 

Mr.  Gregory  Gault  was  the  principle  investigator  for  the  visual  resource  study.   His 
responsibilities  included  coordination  of  data  collection,  input  and  review,  and  agency 
contacts.  Mr.  Gault  assisted  in  the  preparation  of  the  Phase  I  visual  study  for  SWIP  and  has 
conducted  or  participated  in  numerous  visual,  land  use,  and  recreational  studies  on  federal 
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lands  throughout  the  western  United  States.   Mr.  Gault  has  a  Bachelor's  degree  in  Landscape 
Architecture  from  Texas  A&M  University. 

Mr.  Tim  Tetherow  was  a  special  advisor  on  the  visual  resources  study,  including  review  of 
the  visual  study  methodology.  Over  his  17  years  of  practice,  Mr.  Tetherow  has  developed 
various  methodologies  for  the  integration  of  visual  resource  values  and  visual  simulations 
into  Dames  &  Moore's  interdisciplinary  decision-making  processes  for  compliance  with  the 
National  Environmental  Policy  Act  (NEPA).   He  has  prepared  approximately  25  visual 
resource  studies  for  energy  facilities,  mining,  transportation  programs,  and  linear  corridors. 
He  holds  a  Masters  in  Landscape  Architecture  from  the  University  of  Pennsylvania. 

E>r,  Stephen  Sheppard,  a  special  advisor  on  the  project,  reviewed  the  photo  simulation 
preparation.   Dr.  Sheppard  has  conducted  visual  resource  studies  and  prepared 
photosimulations  for  a  variety  of  energy  projects  in  the  western  United  States.   In  addition, 
he  has  served  as  special  consultant  to  the  BLM  in  the  refinement  of  the  agency's  VRM  system 
and  in  preparation  of  the  BLM  publications  Visual  Resource  Management  Program  and 
Visual  Simulation  Techniques.   Dr.  Sheppard  has  a  Master's  degree  in  Forestry  and  a 
Doctorate  in  Environmental  Planning. 

Mr.  Chuck  Cornwall  and  Mr.  Joe  Merkel  prepared  the  photo  simulations.   Mr.  Cornwall  has 
developed  perspective  models  techniques  to  accurately  depict  the  location  and  mass  of 
transmission  facilities  in  the  West.   Mr.  Merkel  prepared  hand  rendered  photo  simulations. 
Mr.  Merkel  has  a  Bachelor  of  Science  degree  in  Landscape  Architecture  from  Colorado  State 
University. 

Mr.  Paul  Trenter  was  an  analyst  and  investigator  for  the  visual  resources  study.  Mr. 
Trenter's  responsibilities  included  data  collection  and  field  review,  as  well  as  conducting 
agency  contacts.   He  has  supervised  the  transfer  of  all  visual  resources  data  into  the 
Geographic  Information  System  (CIS),  including  final  review  of  all  mapped  data.   Mr.  Trenter 
has  also  recently  served  as  a  visual  resource  analyst  on  Coronado  to  Ambrosia  transmission 
line  EIS,  the  Questar  pipeline  EA,  and  Conda  to  Pocatello  pipeline  EA.   He  has  recently 
completed  rehabilitation  for  80  miles  of  fiber  optic  line  through  three  national  forests  in 
Arizona.   He  has  a  Bachelor's  degree  in  Landscape  Architecture  from  the  University  of 
Wisconsin. 

Mr.  Brian  Strand  and  Mr.  Geoffrey  Pool  also  assisted  Mr.  Gault  with  data  inventory  and 
review  for  the  visual  resources  study.    Mr.  Strand  has  a  Bachelor's  degree  in  Landscape 
Architecture  from  the  University  of  Idaho.   Mr.  Pool,  also  with  a  Bachelor's  degree  in 
Landscape  Architecture  from  the  University  of  Idaho,  assisted  the  visual  resource  team  with 
data  collection,  mapping,  and  data  entry. 


INVENTORY 

This  section  initially  describes  the  methods  used  and  the  types  of  information  gathered  for 
the  visual  resource  inventory  and  impact  assessment.  The  following  section  describes  the 
results  of  the  inventory  by  state. 
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Methods 

A  majority  of  the  lands  within  the  study  corridors  are  administered  by  the  BLM,  and  to  a 
lesser  degree,  the  FS,  Bureau  of  Reclamation,  Fish  and  Wildlife  Service,  National  Park  Service, 
Indian  lands  administered  by  the  Bureau  of  Indian  affairs,  private,  state,  and  military 
withdrawals.  The  current  BLM  8400  series  VRM  Manual  and  the  FS  VMS  served  as  the  basis 
for  developing  a  consistent  methodology  for  the  visual  resource  inventory,  and  assessing  of 
potential  visual  impacts  of  the  SWIP  alternatives.  The  VRM  classes  for  BLM-administered 
lands  and  VQOs  for  FS  lands  established  the  guidelines  for  the  level  of  acceptable  visual 
change  allowed  in  the  landscape.  There  are  no  formal  gmdelines  for  managing  visual 
resources  on  state  or  private  lands,  or  for  most  other  federally-administered  lands. 

VRM  and  VQO  data  were  collected  and  mapped,  where  available,  for  a  sb<-mile  wide 
corridor  along  the  SWIP  alternatives.  The  level  of  visual  resource  data  available  for  the 
study  corridors  from  agency  visual  resource  inventories  varied  in  study  scales  and  level  of 
detail.  Also,  management  classifications  at  jurisdictional  boundaries  between  agencies, 
resources  areas,  and  districts  varied  somewhat. 

Some  of  the  BLM  lands  crossed  by  study  corridors  do  not  have  established  VRM 
designations.   An  example  of  this  is  portions  of  the  Egan  Resource  Area.  For  these  lands  an 
independent  evaluation  was  completed  within  the  SWIP  study  corridors  to  establish  project 
VRM  classes.   In  mapping  preliminary  visual  management  classes,  the  BLM  and  FS  use  a 
process  that  considers  scenic  quality  (or  variety  class  for  FS),  visual  sensitivity  of  viewers, 
and  visibility  from  sensitive  viewpoints.   A  computerized  geographic  information  system 
(GIS)  model  developed  by  Dames  &  Moore  was  used  to  determine  VRM  classes  for  the  SWIP 
project  based  on  the  procedures  in  the  8400  series  VRM  manual. 

Other  visual  resource  issues  and  concerns  include  views  from  newly  established  uses  like 
Great  Basin  National  Park  and  Hagerman  Fossil  Bed  National  Monument.   Many  of  these 
uses  do  not  currently  have  management  policies  or  guidelines  for  visual  resources.   For 
example.  Great  Basin  National  Park  is  in  the  process  of  completing  a  General  Management 
Plan.  Because  the  park  was  recently  established,  the  concerns  and  policies  for  visual 
resources  have  not  yet  been  formalized.  There  were  no  existing  data  available  for  the  SWIP 
studies. 

As  a  result  of  the  varying  scale  and  detail  of  mapping,  and  other  concerns  for  visual 
resources,  the  methodology  was  designed  to  utilize  and  build  upon  existing  agency 
information.  The  result  is  a  consistently  inventoried  database  that  can  be  used  to  assess 
impacts  of  each  alternative  at  an  equal  level  of  detail. 

Information  gathered  during  the  inventory  was  supplemented  with  other  mapped  and 
derived  data  (e.g.,  existing  transmission  lines  and  corridors,  viewshed  mapping  from 
sensitive  viewpoints,  scenic  quality  rating  and  visual  contrast)  to  assess  the  potential  impacts 
to  scenic  quality,  sensitive  viewers,  and  agency  management  objectives.   Mitigation  measures 
were  recommended  where  effective  in  lowering  potential  impacts.   Residual  impacts  (after 
mitigation)  were  documented  and  reported  (refer  to  Data  Tables).  Urban  and  agricultural 
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areas  identified  in  this  study  including  cities,  towns,  communities,  and  other  population 
concentrations,  industrial  and  commercial  developments,  and  cultivated  farmlands  are  not 
specifically  addressed  by  the  procedures  of  VRM  or  VMS.   The  visual  resource  inventory  for 
these  areas  v^as  conducted  using  the  methods  described  below. 

The  inventory  consists  of  the  following  five  components: 

•  existing  VRM  classes  and  VQOs  collected  and  mapped  from  the  BLM  and  FS 

•  scenic  quality  mapping  (completed  using  BLM  and  FS  criteria) 

•  visual  sensitivity  analysis 

•  identification  and  mapping  of  sensitive  viewpoints 

•  visibility  and  distance  zone  mapping 

The  following  sections  of  the  report  discuss  the  specific  procedures  used  to  collect  and 
analyze  visual  resource  baseline  data  for  each  of  these  inventory  components. 

VRM/VQO  Classes 

Visual  management  objectives  (VRM  Classes  and  VCX^s)  are  designated  in  agency  resource 
management  plans  for  most  of  the  study  corridors.  These  objectives  define  the  acceptable 
degree  of  visual  change  allowed  in  the  natural  landscape.  Both  the  BLM  and  FS  derive 
visual  management  objectives  for  their  lands  by  combining  scenic  quality  (e.g.,  landscape 
aesthetics),  visual  sensitivity,  and  visibility  from  sensitive  viewpoints. 

The  BLM  has  four  VRM  Classes  to  manage  visual  resources  on  public  lands.  VRM  classes 
are  determined  by  combining  the  visual  resource  elements  discussed  above  (refer  to  Figure 
VR-2).  Class  I  is  a  special  designation  applied  to  existing  wilderness  areas,  some  natural 
areas,  and  other  areas  where  the  management  policy  or  legislative  mandate  is  to  restrict 
visual  changes  to  the  natural  landscapes.   For  a  description  of  VRM  class  designations  refer 
to  Table  VR-1.  Where  available,  mapping  of  VRM  classes  was  obtained  for  all  areas  under 
BLM  jurisdiction  within  study  corridors  and  substation  siting  areas. 

The  FS  utilizes  five  visual  quality  objectives  (VCX^s)  to  manage  visual  resources.  VCX^s  are 
determined  based  on  the  established  FS  Visual  Management  System  (VMS)  guidelines  (refer 
to  Figure  VR-3).   Similar  to  Class  I  on  BLM  lands.  Preservation  is  a  special  designation 
reserved  for  protected  areas.   Mapping  of  VQQs  was  obtained  for  the  areas  imder  FS 
jurisdiction  within  the  study  corridors.   For  a  description  of  VQOs  refer  to  Table  VR-1. 

Portions  of  several  study  corridors  through  the  Egan  Resource  Area  and  the  Stateline 
Resource  Area  of  the  BLM  do  not  have  a  visual  resource  inventory  and  do  not  have 
designated  visual  management  objectives.  VRM  classes  were  mapped  for  the  areas  within 
these  study  corridors  through  a  computerized  CIS  model  developed  by  Dames  &  Moore  that 
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uses  visual  sensitivity,  visibility  from  sensitive  viewpoints,  and  derived  scenic  quality  classes. 
Using  BLM  procedures,  these  components  were  combined  to  develop  project  level  VRM 
classes  (also  refer  to  Objectives,  Procedures,  and  Results  Technical  Report). 

Although  similarities  exist  between  BLM  and  FS  visual  objectives,  the  combination  of 
components  (scenic  quality,  sensitivity  level,  and  visibility)  deriving  these  classes  are  not 
always  the  same.   Subsequently,  it  is  possible  that  lands  with  similar  characteristics  may  be 
managed  differently  across  BLM  and  FS  boimdaries  (Jensen  and  Berggren  1987). 

Landscape  Character 

The  analysis  of  the  scenic  value  of  the  landscape  was  begun  by  examining  the  region's 
physiography.   A  review  of  Fenneman's  Phvsiographv  of  the  Western  United  States  (1931) 
and  other  related  literature,  interviews  with  agency  visual  resource  specialists,  interpretation 
of  recent  satellite  imagery  (Thematic  Mapper),  and  overflights  of  the  study  corridors  were 
conducted  to  determine  landscape  character  types  for  areas  crossed  by  alternative 
transmission  line  study  corridors. 

The  study  corridors  are  located  in  the  Columbia  Plateau  and  Basin  and  Range  physiographic 
provinces  (refer  to  Figure  VR-1).   Provinces  are  further  divided  into  sections.   The  Snake 
River  Plain  is  a  section  of  the  Columbia  Plateau  physiographic  province.  Similarly,  the  Great 
Basin  is  a  section  of  the  Basin  and  Range  physiographic  province.   These  classifications 
describe  the  visual  character  of  the  landscape  at  a  regional  scale  (also  refer  to  the  Overview). 

Landscape  character  types  are  landscape  units  of  greater  detail  refined  from  the  regional 
physiographic  province  and  section  classifications.   Landscape  character  types  are  typically 
defined  by  dominant  landform  features  (e.g.,  mountains,  canyons).   Each  landscape  character 
type  was  further  divided  into  smaller  units  of  similar  physiographic  and  visual 
characteristics.  These  homogeneous  landscape  imits  or  scenic  quality  rating  units  were 
evaluated  for  scenic  quality  using  BLM  and  FS  criteria  (refer  to  discussion  below). 

Scenic  Quality 

Scenic  quality  was  developed  by  rating  the  homogeneous  landscape  units  (scenic  quality 
rating  uruts)  mapped  from  the  divisions  of  landscape  character  types.   BLM  and  FS  criteria 
were  used  for  all  public  lands  and  non-urban  lands.     Because  agricultural,  urban,  and 
developed  lands  are  not  addressed  by  the  BLM  or  FS  systems,  these  areas  were  evaluated 
using  visual  interest  criteria  developed  for  the  project  (refer  to  Figure  VR-4). 

To  evaluate  the  impacts  of  the  SWIP  alternatives  equally,  it  is  assumed  that  all  landscapes 
have  some  inherent  scenic  value.   Landscapes  with  the  greater  diversity  of  features  typically 
are  considered  to  have  greater  aesthetic  appeal  (e.g.,  high  scenic  quality). 
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Figure  VR-2 
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Figure  VR-3 
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Dames  &  Moore 


Figure  VR-4 


Prior  to  implementing  the  Interim  Guidelines  (BLM,  June  1984),  VRM  guidelines  were 
oriented  toward  natural  landscapes.  VRM  does  allow  for  "cultural  modifications"  to  enhance 
or  detract  from  scenic  quality.   However,  the  system  is  not  particularly  sensitive  to 
landscapes  dominated  by  agriculture  (e.g..  Snake  River  Plain).  VMS,  on  the  other  hand,  does 
not  address  "cultural  modifications"  at  all. 

VRM  and  VMS  use  slightly  different  procedures  to  establish  scenic  quality  levels  (variety 
class  quality  for  VMS).   The  BLM  uses  a  numerical  rating  system  to  determine  scenic  quality 
classes,  while  the  FS  system  describes  landscape  variety  in  terms  of  landform,  vegetation,  and 
waterform  to  determine  variety  classes  (refer  to  Table  VR-2  for  FS  variety  class  criteria).   Both 
systems  classify  the  landscape  into  three  levels  of  scenic  quality  or  variety:  Class  A,  Class  B, 
and  Class  C.  Table  VR-3  compares  the  definitions  of  BLM  scenic  quality  classes  along  with 
FS  variety  classes. 

The  BLM  uses  a  system  that  incorporates  several  key  elements  in  rating  scenic  quality.  These 
elements  include  landform,  vegetation,  water,  color,  influence  of  adjacent  scenery,  scarcity  of 
features,  and  cultural  modifications.  The  sum  of  the  numeric  values  for  these  elements 
determines  the  scenic  quality  class.  Table  VR-4  shows  the  BLM  Scenic  C^ality  Evaluation 
Matrix  used  to  derive  project-level  scenic  quality  classes. 

With  the  exception  of  developed  landscapes,  the  evaluation  of  scenic  quality  performed  for 
the  SWIP  visual  resource  study  utilizes  an  approach  consistent  with  agency  visual  resource 
inventory  procedures.   Results  from  the  evaluation  of  scenic  quality  are  shown  in  Table  VR-5 
and  are  described  in  the  results  section  of  this  report. 

Sensitive  View^points 

Potentially  critical  viewpoints  that  may  have  visibility  of  the  project  were  identified  and 
inventoried  within  three  miles  each  side  of  the  alternative  transmission  line  corridor  assumed 
centerlines,  and  outside  the  corridors  from  uses  with  national  significance  where  long 
distance  views  were  of  concern  (e.g..  Great  Basin  National  Park).  Viewpoints  within  the 
six-mile  corridor  were  identified  through  personal  contacts  with  agency  visual  resource 
specialists  and  a  review  of  land  use  data.  Viewpoints  considered  include: 

•  residences/communities  -  primary  or  recreational  residences,  apartments,  mobile 
homes,  and  trailer  parks 

•  parks,  recreation,  and  preservation  areas  -  existing  and  proposed  developed 
recreation  sites,  parks,  or  areas  used  for  camping,  picnicking,  or  other  recreational 
activity 

•  travel  routes  -  roads  and  highways  used  primarily  by  origin/destination  travelers, 
proposed  or  designated  scenic  highways,  and  recreation  destination  roads 
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•      sensitive  culhiral  sites  -  national  register  sites  or  districts,  or  other  sensitive 

cultural  resources  where  outside  influences  could  impact  the  site's  integrity  (refer 
to  Table  VR-6  and  the  Cultiiral  Resources  Technical  Report) 

In  addition  to  considering  views  from  existing  and  planned  facilities  within  Great  Basin 
National  Park,  views  from  plaimed  interpretive  facilities  outside  of  the  park  boundaries  were 
included  as  sensitive  viev^rpoints.  The  wayside  stations  are  located  along  the  several  of  the 
travel  routes  approaching  Great  Basin  National  Park.  The  locations  of  these  proposed  sites 
are  for  the  purposes  of  this  study  only. 

Viewpoint  locations  are  shown  in  the  DEIS  Map  Volume.  The  visual  sensitivity  of  these 
viewpoints  was  evaluated  and  rated,  high  moderate,  or  low,  following  established  BLM 
criteria  (see  Visual  Sensitivity). 

Visual  Sensitivity 

Both  the  BLM  and  FS  visual  systems  define  visual  sensitivity  as  a  measure  of  viewer  concern 
for  the  scenic  resource  and  potential  changes  to  the  resource. 

Though  the  BLM  and  FS  vary  in  their  individual  analysis  of  visual  sensitivity,  both  systems 
consider  similar  criteria  in  their  evaluations.  The  approach  for  this  study  incorporates  criteria 
from  both  systems  and  draws  from  previous  experience  on  visual  studies  conducted  for 
transmission  lines  throughout  the  West  on  public  lands.  These  criteria  were  condensed  into 
user  type/attitude  and  use  volume.   These  parameters  were  used  to  assign  overall  visual 
sensitivity  levels  to  all  potential  viewpoints  (refer  the  matrix  in  Figure  VR-5). 

Visual  sensitivity  levels  vary  according  to  the  types  of  users  and  their  attitudes. 
Consideration  of  the  local,  regional,  or  national  sigi\ificance  of  a  viewpoint  or  viewed  area 
helped  to  establish  the  attitudes  of  viewers.  Views  from  residences  were  all  considered  to  be 
highly  sensitive.  Recreation  viewpoints  (e.g.,  scenic  overlooks,  national  trails,  camping  areas, 
etc.)  may  be  highly  sensitive.   However,  some  views  from  recreation  areas  are  of  less  concern 
than  others.  Travellers  on  some  highways  and  other  roads  may  be  less  sensitive  to  changes 
in  landscapes.  This  is  determined  by  evaluating  the  type  of  traffic  that  is  typically  on  a 
travel  route.   For  example,  some  travel  routes  are  used  on  a  regular  basis  for  going  to  and 
from  work  or  enroute  to  distant  destinations.  While  others  are  used  for  scenic  drives  or 
enroute  to  a  recreation  destination  of  particular  importance  (e.g..  Great  Basin  National  Park). 

Views  seen  by  large  numbers  of  people  may  potentially  be  more  sensitive.   On  the  other 
hand,  a  high  volume  of  viewers  without  concern  for  the  change  would  not  warrant  an 
increase  in  the  sensitivity.   Each  viewpoint  or  area  was  assigned  a  value  of  high,  moderate, 
or  low  for  the  volume  of  potential  viewers  who  may  be  viewing  a  given  area. 

The  combination  of  user  type/attitude  and  use  volume  produced  an  overall  visual  sensitivity 
level  of  high,  moderate,  or  low.  The  viewpoint  sensitivity  analysis  is  illustrated  in  Tables 
VR-6  and  VR-7.  In  this  study  visual  impacts  were  assessed  for  high  and  moderate  sensitivity 
viewpoints. 
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•      sensitive  cultural  sites  -  national  register  sites  or  districts,  or  other  sensitive 

cultural  resources  where  outside  influences  could  impact  the  site's  integrity  (refer 
to  Table  VR-6  and  the  Cultural  Resources  Technical  Report) 

In  addition  to  considering  views  from  existing  and  planned  facilities  within  Great  Basin 
National  Park,  views  from  planned  interpretive  facilities  outside  of  the  park  boundaries  were 
included  as  sensitive  viewpoints.  The  wayside  stations  are  located  along  the  several  of  the 
travel  routes  approaching  Great  Basin  National  Park.  The  locations  of  these  proposed  sites 
are  for  the  purposes  of  this  study  only. 

Viewpoint  locations  are  shown  in  the  DEIS  Map  Volume.  The  visual  sensitivity  of  these 
viewpoints  was  evaluated  and  rated,  high  moderate,  or  low,  following  established  BLM 
criteria  (see  Visual  Sensitivity). 

Visual  Sensitivity 

Both  the  BLM  and  FS  visual  systems  define  visual  sensitivity  as  a  measure  of  viewer  concern 
for  the  scenic  resource  and  potential  changes  to  the  resource. 

Though  the  BLM  and  FS  vary  in  their  individual  analysis  of  visual  sensitivity,  both  systems 
consider  similar  criteria  in  their  evaluations.  The  approach  for  this  study  incorporates  criteria 
from  both  systems  and  draws  from  previous  experience  on  visual  studies  conducted  for 
transmission  lines  throughout  the  West  on  public  lands.  These  criteria  were  condensed  into 
user  type/attitude  and  use  volume.  These  parameters  were  used  to  assign  overall  visual 
sensitivity  levels  to  all  potential  viewpoints  (refer  the  matrix  in  Figure  VR-5). 

Visual  sensitivity  levels  vary  according  to  the  types  of  users  and  their  attitudes. 
Consideration  of  the  local,  regional,  or  national  significance  of  a  viewpoint  or  viewed  area 
helped  to  establish  the  attitudes  of  viewers.  Views  from  residences  were  all  considered  to  be 
highly  sensitive.  Recreation  viewpoints  (e.g.,  scenic  overlooks,  national  trails,  camping  areas, 
etc.)  may  be  highly  sensitive.   However,  some  views  from  recreation  areas  are  of  less  concern 
than  others.  Travellers  on  some  highways  and  other  roads  may  be  less  sensitive  to  changes 
in  landscapes.  This  is  determined  by  evaluating  the  type  of  traffic  that  is  typically  on  a 
travel  route.  For  example,  some  travel  routes  are  used  on  a  regular  basis  for  going  to  and 
from  work  or  enroute  to  distant  destinations.  While  others  are  used  for  scenic  drives  or 
enroute  to  a  recreation  destination  of  particular  importance  (e.g..  Great  Basin  National  Park). 

Views  seen  by  large  numbers  of  people  may  potentially  be  more  sensitive.  On  the  other 
hand,  a  high  volume  of  viewers  without  concern  for  the  change  would  not  warrant  an 
increase  in  the  sensitivity.   Each  viewpoint  or  area  was  assigned  a  value  of  high,  moderate, 
or  low  for  the  volume  of  potential  viewers  who  may  be  viewing  a  given  area. 

The  combination  of  user  type/attitude  and  use  volume  produced  an  overall  visual  sensitivity 
level  of  high,  moderate,  or  low.  The  viewpoint  sensitivity  analysis  is  illustrated  in  Tables 
VR-6  and  VR-7.  In  this  study  visual  impacts  were  assessed  for  high  and  moderate  sensitivity 
viewpoints. 
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Figure  VR-5 


Visibility 

Visibility  from  sensitive  viewpoints  was  generated  by  Dames  &  Moore's  GIS  using  digital 
terrain  data  from  USGS  and  viewpoints  mapped  from  the  Land  Use  study  for: 

•  residences 

•  travel  routes 

•  parks  and  recreation  sites 

•  sensitive  cultural  and  historic  sites 

Distance  zones  were  established  based  upon  perception  thresholds.   Perceiving  form,  texture, 
color,  and  other  visual  elements  in  the  landscape  changes  with  increasing  distance  from  a 
viewpoint.   Landscape  elements  tend  to  become  less  obvious  and  detailed.   Elements  of  form 
and  line  become  more  dominant  than  color  or  textiire  at  longer  viewing  distances.  These 
distance  thresholds  or  zones  are  generally  defined  by  both  BLM  and  FS  as  follows: 

•  Foreground  -  The  limit  of  a  viewed  area  in  which  details  are  perceived  and 
obvious.  Textural  and  other  aesthetic  qualities  of  vegetation  are  normally 
perceived  within  this  zone  (0  to  1/4  -  1/2  mile). 

•  Middleground  -  The  zone  in  which  details  of  foliage  and  fine  textures  cease  to  be 
perceptible.   Vegetative  patterns  begin  to  appear  as  outlines  or  patterns  (1/4  -  1/2 
to  3-5  miles).   BLM  representatives  felt  that  this  zone  should  be  extended  to  the 
outer  limits  of  middlegroimd  (5  miles)  where  flat  terrain  and  low-growing 
vegetation  were  found  and  extensive  views  were  possible. 

•  Background  -  That  portion  of  the  landscape  where  texture  and  color  are  weak 
and  landforms  become  the  most  dominant  element  (3-5  to  15  miles). 

•  Seldom  Seen  -  Those  areas  of  the  landscape  where  topographic  relief  or 
vegetation  screen  viewpoints  or  when  viewing  distances  are  beyond  15  miles. 

The  BLM  visual  resource  management  process  usually  combines  the  foreground  and 
middleground  distance  zones  into  a  more  general  distance  zone,  referred  to  as 
foreground /middleground.   It  is  defined  as  the  visible  area  from  zero  to  three-to-five  miles 
from  the  viewpoint,  whereas  FS  visual  management  system  considers  foreground  and 
middleground  zones  individually.   For  this  study,  the  following  five  distance  thresholds  were 
used  to  establish  project  visibility  from  sensitive  viewpoints  (also  refer  to  Jones  &  Jones  1976): 

0-1/4  mile 
1  /4  mile  -  1  mile 
1  mile  -  3  miles 
beyond  3  miles 
seldom  seen 
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Results 

This  section  documents  the  results  of  the  visual  resource  inventory  for  each  of  the  study 
components  (e.g.,  VRM/VQO,  and  scenic  quality)  diseased  in  the  methods  section.   The 
inventory  results  for  each  study  component  are  arranged  by  state:  Idaho,  Nevada,  and  Utah. 
Inventory  results  are  described  for  the  areas  within  the  transmission  line  alternative 
corridors,  substation  and  series  compensation  station  siting  areas,  and  microwave  facility 
sites.   Alternative  transmission  line  segments,  or  links  (e.g..  Link  41),  are  noted  occasionally 
in  the  text  to  help  locate  the  areas  being  described. 

VRM/VQO  Classes 

As  the  study  corridors  contain  multiple  adjoining  jurisdictions  (BLM  and  FS),  agency  visual 
management  designations  may  vary  somewhat  at  adjacent  jurisdictional  boundaries  or 
sometimes  even  between  management  units  of  the  same  agency. 

In  general,  the  majority  of  BLM  lands  crossed  by  the  study  corridors  are  designated  VRM 
Class  in  or  Class  IV.   Most  FS  lands  crossed  by  the  study  corridors  are  designated  WQO  of 
Modification  or  Partial  Retention.  VRM/WQO  designations  crossed  by  the  assumed 
centerline  of  the  study  corridors  are  listed  in  the  Data  Tables. 


Idaho 

VRM  Class  I  areas  designated  to  protect  rutted  areas  of  the  Oregon  Trail  in  and  adjacent  to 
the  Hagerman  Fossil  Beds  National  Monument  occur  along  Links  61,  63,  and  64.   In  addition, 
a  Class  I  area  associated  with  the  Salmon  Falls  Creek  Wilderness  Study  Area  (WSA),  was 
inventoried  along  Links  64  and  70. 

VRM  Class  II  areas  are  generally  designated  in  any  one  of  the  following  three  circumstances: 

•  BLM  WSAs  managed  under  BLM's  Interim  Management  Guidelines  (also  refer  to 
the  Land  Use  Technical  Report) 

•  scenic  quality  Class  A  areas,  regardless  of  visual  sensitivity  or  visibility 

•  scenic  quality  Class  B  areas  containing  several  high  sensitivity  viewpoints  in 
foreground /middleground  distance  zones 

Class  II  areas  occur  in  the  Snake  River  Canyon  north  of  Hagerman  (Links  62  and  63)  and 
other  areas  along  the  river  canyon  (Link  41).   Portions  of  Salmon  Falls  Creek  (Link  64),  and 
Salmon  Falls  Creek  Reservoir  (Links  64  and  70)  were  are  also  designated  Class  n.   Additional 
smaller  pockets  of  Class  II  occur  along  Brown's  Bench,  Rock  Creek,  and  Shoshone  Creek. 
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Class  HI  areas  are  generally  associated  with  areas  of  scenic  quality  Class  B  that  have  high 
and  moderate  sensitivity  viewpoints  in  the  foreground /middleground  distance  zone.   Areas 
inventoried  with  VRM  Class  III  designations  include  most  of  the  lands  northwest  of 
Hagerman,  the  plains  area  south  of  Shoshone  and  Rogerson,  Rock  Creek  Basin,  and  the 
uplands  adjacent  with  Salmon  Falls  Creek.  The  remainder  of  BLM  lands  in  Idaho  are 
designated  Class  IV. 

In  Idaho,  two  areas  were  identified  where  adjoining  districts  of  the  BLM  have  designated  an 
area  with  dissimilar  VRM  classes.  The  first  area,  the  east  rim  of  Salmon  Falls  Creek  Canyon, 
is  designated  Class  I  by  the  Snake  River  Resource  Area  of  the  Burley  District  while,  the  west 
rim  is  designated  Class  II  by  the  Jarbidge  Resource  Area  of  the  Boise  E>istrict.  The  second 
area,  located  at  the  Idaho/Nevada  stateline,  again  involves  a  portion  of  Salmon  Falls  Creek. 
Here,  the  west  side  of  the  creek  is  designated  Class  I  by  the  Snake  River  Resource  Area  of 
the  Burley  District,  while  the  Wells  Resource  Area  of  the  EUco  District  (Nevada)  has 
designated  the  east  side  of  the  creek  as  Class  11. 

A  small  portion  of  Sawtooth  National  Forest  land  was  inventoried  within  the  study  corridors. 
The  centerlines  of  Links  40  and  41  pass  adjacent  to  the  forest  boimdary.  The  area  crossed  by 
these  links  is  largely  designated  with  a  VQO  of  Maximum  Modification,  with  pockets  of 
Modification  occurring  along  some  forest  roads. 


Nevada 

Blue  Mass  Scenic  Area,  located  along  Link  61,  and  the  Mount  Moriah  Wilderness,  within  the 
study  corridor  of  Link  260,  are  the  only  VRM  Class  I  areas  inventoried  within  the  study 
corridors  in  Nevada. 

VRM  Class  II  areas  inventoried  within  the  study  corridors  include  Salmon  Falls  Creek  (Link 
70,  72,  711,  and  714),  Shoshone  Creek  southeast  of  Jackpot  (Links  83  and  91),  Knoll  Creek 
(Link  130),  Thousand  Springs  Valley  (Link  151),  Brush  Creek  (Links  151  and  1612),  and 
Bishop  Creek  (Links  164,  165,  166,  169,  1610,  and  1611)  west  of  Summer  Camp,  portions  of 
the  Antelope  Range  (Link  226),  White  Horse  Mountain  (Link  226),  the  Ferguson  Mountains 
(Links  222,  225),  Duck  Creek  adjacent  to  Link  370,  the  foothills  south  of  John  Henry  Wash 
(Links  364  and  410),  the  foothills  adjacent  to  the  Pahranagat  National  Wildlife  Refuge  (Link 
690),  a  portion  along  the  Muddy  River  (Link  730),  and  a  portion  where  Links  720,  810,  and 
820  cross  the  Arrow  Canyon  Range.  Smaller  areas  of  Class  n  were  found  north  of  John 
Henry  Wash  (Link  390),  at  Pequop  Summit  (Link  211),  and  the  northern  portion  of  the 
Fortification  Range  (Link  440).   Also  included  in  the  inventory  is  the  Class  n  corridor  along 
Interstate  80,  a  designated  low  visibility  corridor  by  BLM  (Links  170, 180,  211,  222,  223). 

In  addition,  the  portions  of  Wilderness  Study  Areas  (WSAs)  that  occur  within  the  study 
corridors  were  inventoried  as  Class  II.  These  include  the  Evergreen  WSA  in  the  Pahranagat 
Wash,  the  Delamar  Mountain  WSA  (Links  680  and  690),  the  Meadow  Valley  Mountain  WSA 
(Link  680),  the  Fish  and  WUdlife  WSA  1,2,&  3  ainks  700  and  720),  the  Arrow  Canyon  WSA 
(Links  720,  730,  740,  750),  and  Goshute  Canyon  WSA  (Links  241,  242,  and  244). 
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VRM  Class  in  areas  were  typically  identified  in  the  plains  and  foothills  landscape  character 
types  scattered  throughout  the  study  corridors  in  Nevada.  Class  III  areas  were  inventoried 
in  the  hills  adjacent  to  Salmon  Falls  Creek  (Links  70,  711,  712,  714,  715,  and  101),  the  rugged 
hills  between  Jackpot  and  Contact,  the  Wood  Hills  northeast  of  Wells  (Link  180),  Morris 
Basin  (Link  21),  the  sand  dunes  at  Duck  Creek  (Link  244),  portions  of  the  Steptoe  Valley 
(Links  244,  270,  261,  291,  and  292),  the  Little  Hills  (Links  266  and  267),  Pleasant  Valley  aink 
610),  Robinson  Summit  (Links  300.  310,  320,  340,  350,  and  660),  Steptoe  Creek  in  Smith  Valley 
(Links  292,  351,  352) ,  the  Miller  Basin  Wash  aink  460),  Uke  Valley  Summit  aink  420), 
Cedars  Wash  (Link  680),  Kane  Springs  Valley  aink  680),  Burnt  Springs  Range  (Link  675), 
Bristol  Range  (Link  674),  and  where  Pahranagat  Wash  is  crossed  by  Link  730.  Other  smaller 
areas  designated  Class  HI  are  listed  in  the  Data  Tables. 

The  remainder  of  BLM  lands  in  Nevada  are  designated  VRM  Class  FV.  Developed  urbanized 
areas  within  the  study  corridors  include  Jackpot,  WeUs,  McCill,  Ely,  and  several  smaller 
communities. 

BLM's  Egan  Resource  Area  has  not  yet  completed  VRM  class  designations  for  the  southern 
region  of  the  Ely  District.   Similarly,  BLM's  Stateline  Resource  Area  has  not  completed  the 
VRM  class  designations  in  the  Las  Vegas  area.   A  military  withdrawal  located  south  of 
Wendover  Air  Force  Auxiliary  Range  and  dispersed  private  lands  also  do  not  have  VRM 
designations.    For  these  areas,  project-level  VRM  Classes  were  determined  and  mapped 
through  a  GIS  model  (refer  to  previous  discussion  in  Methods).  The  area  between  Comins 
Lake  and  Connor's  Pass  was  inventoried  as  Class  IE,  a  portion  of  Steptoe  Valley  as  Class  IV, 
and  portions  of  Jake's  Wash  and  White  River  Valley  as  Class  HI.   A  military  withdrawal 
located  south  of  Wendover  Air  Force  Auxiliary  Range  and  dispersed  private  lands  also  do 
not  have  VRM  designations. 

Differences  in  VRM  designations  between  adjoining  jurisdictions  occurred  in  three  areas 
within  the  study  corridors  in  Nevada.  One  area,  located  in  the  vicinity  of  Lages  Station  in 
the  Steptoe  Valley,  is  designated  Class  FV  by  the  Wells  Resource  Area  of  the  Elko  District, 
whereas,  the  Schell  Resource  Area  of  the  Ely  District  designated  a  similar  adjoining  area  as 
Class  in.  The  second  area,  located  on  the  Nevada/Utah  stateline  at  the  junction  of  Links  610 
and  620,  is  designated  Class  IE  by  the  Schell  Resource  Area  of  the  Ely  District,  while  the 
House  Range  Resource  Area  of  the  Richfield  District  has  designated  a  similar  adjoining 
landscape  as  Class  IV.  The  third  area  is  located  in  Duck  Creek  Valley  east  of  McGill, 
Nevada.   Here,  the  Humboldt  National  Forest  manages  part  of  the  area  with  a  VQO  of 
Modification,  while  the  Schell  Resource  Area  of  the  Ely  District  has  designated  the  adjoining 
area  Class  II,  a  more  restrictive  visual  management  objective. 

A  portion  of  the  recently  designated  Moimt  Moriah  Wilderness  (Link  267)  is  the  only  area 
within  the  study  corridors  in  Nevada  designated  with  a  VQO  of  Preservation.   In  the 
Humboldt  National  Forest  areas  with  VQOs  of  Partial  Retention  were  inventoried  in  parts  of 
the  Schell  Creek  Range  and  the  Horse  Range,  the  area  surrounding  Great  Basin  National 
Park,  Cave  Lake  State  Park,  and  portions  of  the  Snake  Range  within  the  Humboldt  National 
Forest. 
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Areas  managed  with  a  VQO  of  Modification  include  portions  of  the  Duck  Creek  Range,  the 
Schell  Creek  Range,  and  the  Horse  Range  within  the  Humboldt  National  Forest,  and  a  small 
pocket  in  the  Snake  Range. 

Areas  managed  with  a  VQO  of  Maximum  Modification  include  remaining  portions  of  the 
Schell  Creek  Range,  the  Horse  Range,  and  the  Snake  Range  within  the  Humboldt  National 
Forest. 


Utah 

No  VRM  Class  I  areas  were  identified  within  the  study  corridors  in  Utah. 

A  number  of  small  areas  of  VRM  Class  II,  most  associated  with  WSAs,  were  inventoried 
within  the  study  corridors.  These  areas  include  Fish  Spring  WSA  (Link  630),  Swasey 
Moimtain  WSA  (Links  470  and  630),  King  Top  WSA  aink  451),  HoweU  Peak  WSA  (Links  462 
and  470),  and  Notch  Peak  WSA  (Links  451,  462  and  480).   Other  Class  n  areas  were  identified 
north  of  the  Swasey  Mountains  (Link  470),  south  of  Sawtooth  Moimtain  (Link  462),  the  Sand 
Pass  area  in  the  Fish  Springs  Range  (Link  630),  and  Swasey  Mountain  in  the  House  Range 
(Link  630). 

The  only  VRM  Class  III  areas  identified  within  the  study  corridors  occur  at  Marjum  Canyon 
and  Tank  Canyon  north  of  the  centerline  along  Link  462. 

The  majority  of  BLM  lands  within  the  study  corridors  in  Utah  are  designated  as  VRM  Class 
IV.  Refer  to  the  Data  Tables  for  detailed  locations  of  these  areas. 


Landscape  Character  Types  and  Scenic  Quality 

Eight  major  landscape  character  types  were  identified  within  the  SWIP  study  corridors 
including:  mountains,  foothills,  canyons,  river  valleys,  intermountain  basins  (plains,  mesas 
and  plateaus),  water  bodies,  and  developed  areas.  These  landscape  character  types  were 
delineated  through  the  analysis  of  major  landform  characteristics. 

Within  each  landscape  character  type,  homogeneous  landscape  rating  units  were  delineated 
and  mapped  as  a  refinement  of  the  analysis  of  landscape  characteristics.   Each  landscape 
rating  unit  was  evaluated  to  determine  a  scenic  quality  class.  Table  VR-5  illustrates  the 
criteria  considered  and  resulting  classes  for  each  of  the  units.  The  landscape  character  types 
and  the  corresponding  individual  landscape  rating  units  with  their  respective  scenic  quality 
classes  are  illustrated  in  Figure  VR-6.  Scenic  quality  mapping  for  the  visual  resources 
inventory  was  derived  through  a  computer  reclassijfication  of  the  landscape  rating  units  with 
their  assigned  classes.  The  locations  of  resulting  scenic  quality  imits  within  the  study 
corridors  is  listed  in  the  Data  Tables.  The  following  section  describes  the  results  of  the  scenic 
quality  analysis. 


6-15 


Idaho 

Scenic  quality  Class  A  areas  were  associated  primarily  with  the  Snake  River  Canyon  and 
Salmon  Falls  Creek  Canyon.  Class  A  scenery  included: 

•  shear  rock  wall  canyons 

•  highly  eroded  canyon  walls  with  seep,  springs,  and  waterfalls 

•  bottomland  riparian  areas  within  these  canyons 

Class  B  areas  varied  from  reservoirs  to  foothills,  mesas,  and  buttes.  The  Salmon  Falls  Creek 
Reservoir  located  adjacent  to  Browns  Bench  (Butte)  comprises  the  largest  Class  B  area 
inventoried  in  Idaho.   Other  smaller  pockets  of  Class  B  scenery  were  inventoried  near 
Skeleton  Butte  and  the  Shoshone  Foothills,  including  associated  mesas  and  plateaus  that 
extend  into  the  Sawtooth  National  Forest. 

The  majority  of  the  landscape  in  Idaho  was  inventoried  as  Class  C.  Included  are  areas  of 
flat,  open  sagebrush  desert  (plains  desert  scrub)  land  north  and  south  of  the  Snake  River  and 
the  area  between  the  Sawtooth  Foothills  and  Browns  Bench.   Other  plains  desert  scrub  units, 
a  mixture  of  sage  shrub  and  grassland,  are  found  throughout  the  study  corridors  broken 
occasionally  by  dispersed  agricultural  areas  and  ranches. 

Agricultural  areas,  concentrated  on  the  plateau  areas  adjacent  to  the  Snake  River  Canyon, 
were  inventoried  as  having  a  visual  interest  similar  to  Qass  B  scenery  in  the  natural 
landscape.   The  cultural  modifications  associated  with  agricultural  development  add  to  the 
diversity  of  this  rural  pastoral  landscape. 

Nevada 

The  only  area  of  scenic  quality  Class  A  inventoried  within  the  study  corridors  in  Nevada 
occurs  in  the  northern  portion  of  the  Pahranagat  Wash. 

Class  B  scenery  in  Nevada  primarily  includes  mountains  and  foothills.  Mountainous 
landscape  character  units  include  most  of  the  ranges  in  Nevada,  such  as  the  Granite  Range, 
Pequop  Mountains,  Toano  Range,  Goshute  Mountains,  Schell  Range,  EXjck  Creek  Range, 
Kern  Mountains,  Delamar  Mountains,  Gap  and  Fox  mountains.  Horse  Range,  Seaman  Range 
and  the  Snake  Range.   Additional  Class  B  scenery  located  in  the  southern  portion  of  the 
study  corridors  includes  the  Arrow  Canyon  Range,  Delamar  Range,  and  the  north  end  of  the 
Dry  Lake  Range.   Foothills  imits  varied  considerably  in  size  and  form,  and  were  usually 
associated  with  adjacent  mountain  units.   Comins  Lake  and  Basset  Lake  were  the  only 
perennial  water  bodies  identified  within  the  study  corridors  in  Nevada. 

Class  C  scenery  is  the  dominant  classification  in  Nevada.  The  intermountain  basin  landscape 
character  type  includes  the  rolling  and  alluvial  foothills,  basin/riparian,  alluvial  valleys, 
wash/bottom  lands,  playas,  desert  scrub,  and  sand  dunes  landscape  rating  units.  The 
intermountain  basin  and  its  associated  landscape  rating  units  comprise  the  largest  portion  of 
the  study  corridors. 
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Mountains 


Scenic  Quality  elements  of  a  mountain: 

Qass  A  -  outstanding  rock  outcrops  and 
formations  with  high  diversity  in  vegetation 
types,  waterforms  present 

Class  B  -  Lov^er  elevated  angular  slopes  with 
moderate  variation  in  vegetation  and  possible 
flowing  or  still  waterbody 

Class  C  -  lower  relief,  rounded  slopes  wdth 
continuous  or  minimal  vegatation  cover. 
Waterfront  absent  or  present,  but  not  no- 
ticeable 


LANDSCAPE 
SUBTYPE 


SCENIC 
QUALITY 


Mountain  B 

Mountain  Pass  A 

Mountain  Foothills  B 


Landscape  Character  Types 


Dames  &  Moore 


Figure  VK-6 


Foothills 


Scenic  Quality  elements  of  foothills: 

Class  A  -  outstanding  color  contrast  in  rock, 
vegetation  and  soils,  nigh  diversity  in  vegetation 
types,  water  being  a  dominant  factor 

Class  B  -  Gently  sloping  to  steep  rounded  topo- 
graphy, moderate  variabon  in  vegetation  may  have 
flowing  or  still  water  bodies 

Class  C  -  ffently  sloping  to  steep  rounded  topo- 
graphy vdtn  continuous  or  minimal  vegetation 
cover,  waterbody  absent  or  present  intermittently 
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Rolling  Foothills 
Mountain  Foothills 
Valley  Foothills 


C 

B 
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Landscape  Character  Types 
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Figure  VR-6 
(Continued) 


Canyons 


Scenic  quality  elements  of  a  canyon: 

Class  A  -  pristine  environment  with  unique  or 
outstanding  vertical-walled  canyons,  high  diversity 
in  vegetation,  dominant  water  forms 

Qass  B  -  moderately-sloped  wall  with  moderate 
diversity  in  vegetation,  perennial  and  intermittent 
watercourses  present 

Class  C  -  moderately-sloped  with  minimal  spatial 
enclosure,  little  variation  in  vegetation,  intermittent 
streams  only 
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Figure  VR-6 
(Q)ntinued) 


River  Valley 


Landscape  character  elements  of  river  valley 
scenic  quality  classes: 

Class  A  -  pristine  environment  wdth  unique  or 
outstanding  canyons  or  valleys,  great  variation 
in  vegetation,  and  perennial  water  courses  with 
interesting  features 

Class  B  -  well  defined  valleys  (though  not  domin- 
ant), with  moderate  vegetation  diversity,  and 
perennial  or  running  water  present  most  of  the 
year 

Class  C  -  jx)orly  defined  river  or  stream,  with 
minimal  vegetation  cover  and  intermittent  water 
courses  not  noticeable  in  landscape 
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Figure  VR-6 
(Continued) 


Intermountain  Basin 


Scenic  Quality  elements  of  an  intermountain 
basin: 


Qass  A  -  surrounded  by  large  scale  mountainous 
terrain,  with  highly  varied  vegetation  and  distinct 
water  forms  (e.g.,  wetlands,  reservoirs  and  pe- 
rennial water  courses) 


Class  B  -  non  dramatic  basins  with  moderate 
variation  in  vegetation  pattern,  ponds  or  slow 
flowing  water  Features 
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Sand  Ehmes  C 

Valley  Desert  Scrub  C 

Alluvial  Valley  C 

Hard  Pan  /  Playa  C 

Wash  /  Bottomland  C 

Alluvial  Foothills  C 

Mud  Flat  /  Lake  C 

Basin  Riparian  C 


Class  C  -  basins  not  strongly  defined,  with  little 
or  no  variety  in  vegetation,  absent  or  present 
waterforms  that  are  not  noticeable 


Landscape  Character  Types 


Figure  VR-6 
(Continued) 


Mesa,  Plains,  &  Plateau 


Scenic  Qviality  elements  of  a  mesa,  plain  and 
plateau: 


LANDSCAPE 
RATING  UNIT 


SCENIC 

QUALITY 

CLASS 


Class  A  -  an  outstanding  pristine  landscape  having 
great  diversity,  with  unique  and  highly  distinctive 
vegetation,  water  is  dominant  in  the  landscape 

Class  B  -  highly  dissected  plains,  moderate  in  diversity, 
with  moderate  variation  in  vegetation,  possible  flowing 
or  still  wateibodies 

Class  C  -  broad  to  gently  rolling  plains,  that  are 
slightly  dissected,  litfle  variation  in  vegetation, 
watertorms  not  noticeable 


Mud  Flat  Lake  C 

Hard  Plan  /  Playa  C 

West  Desert  Scrub  C 

Plains  Desert  Scrub  C 

Butte-like  Foothills  B 

Buttes  B 
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Figure  VR-6 
(Continued) 


Waterbodies 


Features  ranging  from  perennial  basins  and  mud- 
flat  playa  having  moderate  variation  in  vegetation, 
to  the  more  prevalent  intermittent  wraterbodies 
with  little  variation  in  vegetation 
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Reservoir 
Lake 


Rural  Development 


Characterized  by  medium  sized  rural  agricultural 
land,  ynth  few  commercial  and  residential 
structures,  to  small  mining  communities,  vydth  no 
commercial  and/or  few  residential  structures. 
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Figure  VR-6 
(Continued) 


Utah 

The  only  scenic  quality  Class  A  area  inventoried  within  the  study  corridors  in  Utah  occurs  at 
Marjum  Pass  in  the  Middle  Range,  north  of  Notch  Peak. 

Class  B  scenery  in  Utah,  includes  units  within  the  mountains  and  foothills  landscape 
character  types.   Mountainous  units  include  the  Middle  Range,  Sawtooth  Mountain,  Tunnel 
Spring  Mountain,  the  Snake  Range,  and  the  Confusion  Range.   Foothills  units  are  usually 
associated  with  these  ranges,  but  also  include  smaller  areas  of  isolated  topographic  relief  in 
the  basins. 

The  majority  of  the  study  corridors  in  Utah  is  Class  C  scenery  consisting  of  areas  within  the 
"West  Desert."  Predominant  landscape  rating  units  are  represented  by  mud  flats,  playas, 
wash  bottom  lands,  and  west  desert  scrub. 


Sensitive  Viewpoints 

Viewpoints  identified  within  the  study  corridors  include: 

•  residences  (includes  single-family  and  multi-family  dwellings,  farms,  dairies, 
ranches  and  trailers) 

•  park  and  recreation  areas  (includes  hiking  trails,  campgroimds,  day-use  areas, 
and  other  developed  sites) 

•  travel  routes  (includes  scenic  routes  and  byways,  scenic  vista  points,  rest  areas, 
and  waysides) 

•  cultural  and  historic  sites  (includes  NRHP  sites  and  other  sites  of  local  or 
regional  importance,  refer  to  Cultural  Resources  Technical  Report) 

Specific  viewpoints  and  their  locations  are  described  in  the  following  section.  Visual 
Sensitivity. 


Visual  Sensitivity 

Visual  sensitivity  levels  of  high,  moderate,  or  low  were  assigned  to  each  of  the  inventoried 
viewpoints  (refer  to  Tables  VR-6  and  VR-7).   The  following  discussion  of  the  inventory 
results  is  arranged  by  state.  Visual  impacts  were  assessed  for  viewpoints  with  high  and 
moderate  visual  sensitivity. 
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Idaho 

Residences  and  rural  communities  make  up  the  majority  of  the  high  sensitivity  viewpoints  in 
Idaho.   Included  are  the  communities  of  Hagerman,  Hansen,  Eden,  Rogerson,  and  other 
dispersed  rural  residences  throughout  the  agricultural  areas  of  the  Snake  River  plateau  in 
Idaho. 

Several  recreational  sites  were  also  rated  as  high  sensitivity  viewpoints.   Malad  Gorge  State 
Park  and  visitor  center  near  the  town  of  Hagerman  and  the  Hagerman  Fossil  Bed  National 
Monument  and  proposed  visitor  center  on  the  Snake  River  were  identified  as  high  sensitivity 
viewpoints.  Views  from  Balanced  Rock  State  Park  and  the  Minidoka  Relocation  Center 
interpretive  site  in  Idaho  are  treated  as  high  sensitivity  viewpoints.  The  user  attitudes 
associated  with  all  these  locations  are  high  and,  therefore,  the  overall  sensitivity  rating  is 
high. 

Several  travel  routes,  including  Interstate  Highway  84,  U.S.  Highway  93,  and  other  secondary 
roads  were  considered  moderate  sensitivity  viewpoints  because  of  low  user  attitude  and,  in 
some  cases,  low  use  volume.   Interstate  and  other  federal  highway  provide  primary 
interconnections  between  major  cities.   The  majority  of  travellers  on  these  highways  have  a 
low-level  of  concern  for  the  aesthetics  of  the  landscape.  U.S.  Highway  30,  a  designated 
scenic  route,  was  the  only  high  sensitivity  travel  route  identified  in  Idaho  for  this  study. 


Nevada 

Sensitive  viewpoints  within  the  study  corridors  in  Nevada  are  dominated  by  parks  and 
recreation  areas,  including  developed  sites  on  BLM  lands,  state  parks,  and  Great  Basin 
National  Park.   Several  existing  and  proposed  BLM  campgrounds  and  picnic  areas  were 
evaluated  as  high  sensitivity  viewpoints.  Cave  Lake  State  Recreation  Area  (Link  380)  and  the 
Ward  Charcoal  Ovens  State  Historic  Site  (Link  364)  were  identified  as  high  sensitivity 
viewpoints.  The  Blue  Mass  Scenic  Area  which  lies  at  the  edge  of  the  study  corridor  (Link 
610)  was  also  identified  by  BLM  as  having  high  sensitivity  viewpoints. 

High  sensitivity  viewpoints  from  Great  Basin  National  Park  include  overlooks,  a  visitor 
center,  and  proposed  interpretation  facilities  located  outside  the  park  boimdaries.  These 
interpretive  sites  were  identified  in  the  Draft  General  Management  Plan  for  the  Great  Basin 
National  Park  now  being  reviewed  by  the  public.  Viewpoints  within  the  park  are  located 
outside  the  study  corridors.   However,  the  national  significance  and  purpose  of  this  national 
park  warrant  the  consideration  of  these  viewpoints.   h\  addition,  views  to  and  from  Great 
Basin  National  Park  (Link  461)  have  been  identified  as  being  critical  by  National  Park  Service 
personnel.   The  viewpoints  inventoried  and  evaluated  for  Great  Basin  National  Park  include: 

•  Mahogany  Overlook 

•  Lehman  Creek  Overlook 

•  Wheeler  Peak 
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•  Lehman  Caves  Visitor  Center 

•  Baker  Ridge  Visitor  Center 

•  Interpretive  sites  located  on  approach  routes  to  the  park 

Sensitive  views  from  all  state  and  federal  highways  in  Nevada,  except  scenic  routes  were 
identified  as  moderate  sensitivity.  The  portion  of  U.S.  Highway  93  from  Major's  Place, 
Nevada  south  to  the  junction  of  State  Highway  375/318  is  a  designated  scenic  route  and  was 
considered  high  sensitivity.  The  Success  Loop  Road  near  Ely,  which  includes  roads  in  the 
Humboldt  National  Forest  and  on  public  lands  was  considered  a  high  sensitivity  viewpoint. 
The  proposed  Horse  and  Cattle  Camp  Backcountry  Byway  (Link  364),  the  California  Trail 
Backcountry  Byway  (Links  82,  83, 140,  151),  and  the  proposed  Kane  Springs  Backcountry 
Byway  were  also  considered  high  sensitivity  viewpoints.  Roads  that  provide  primary  access 
to  the  Blue  Mass  Scenic  Area,  Wilderness  Study  Areas,  Natural  Areas,  and  other-primary 
recreation  destinations  were  also  inventoried  as  high  sensitivity  viewpoints. 

Existing  residential  concentrations  include  the  city  of  Ely  and  the  smaller  towns  of  Contact, 
Jackpot,  Wells,  and  the  area  near  Muddy  Spring.  These  communities  and  dispersed  rural 
residences  in  Nevada  were  all  considered  high  sensitivity  viewpoints. 


Utah 

High  sensitivity  viewpoints  within  the  study  corridors  in  Utah  are  associated  primarily  with 
dispersed  residences  and  rural  communities  including  Sugarville,  Abraham,  and  Delta.  The 
Topaz  Relocation  Center  and  interpretive  site,  just  west  of  Delta,  was  considered  a  high 
sensitivity  viewpoint.   Roads  that  provide  primary  access  to  WSAs  and  other  recreation 
destinations  were  also  high  sensitivity  viewpoints. 

Travel  routes  within  Utah  include  primary  and  secondary  roads  which  are  evaluated  as 
shown  in  Table  VR-7.  U.S.  Highway  6/50,  from  Delta  west  into  Nevada,  was  considered  a 
moderate  sensitivity  viewpoint. 

Substation  and  Series  Compensation  Station  Siting  Areas  and 
Microwave  Sites 

VRM/V(20  designations,  landscape  character,  scenic  quality,  sensitive  viewpoints,  visual 
sensitivity,  and  visibility  for  substation  siting  areas,  and  series  compensation  station  siting 
areas,  and  proposed  microwave  facilities  sites  are  shown  in  Tables  VR-8  and  VR-9,  at  the  end 
of  this  chapter. 
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IMPACT  ASSESSMENT  AND  MITIGATION  PLANNING 

The  potential  impacts  of  the  proposed  Southwest  Intertie  Project  (SWIP)  to  visual  resources 
within  the  study  corridors  could  result  from  a  variety  of  activities  during  the  construction 
and  operation  of  the  transmission  line. 

Expected  visual  impacts  from  construction  activities  include: 

•  constructing  new  roads  and  upgrading  existing  roads  for  construction  access 

•  ground  disturbance  at  tower  sites 

•  assembling  and  erecting  towers 

•  stringing  conductors 

Visual  impacts  are  also  expected  from  operations  of  the  transmission  line.   These  include  the 
presence  of  the  towers,  conductors,  and  roads  left  for  maintenance  access.   The  characteristics 
of  visual  impacts  from  the  construction  and  operation  of  a  500kV  transmission  line  are 
usually  direct,  adverse,  and  long-term.  Six  impact  types  were  evaluated  for  this  visual 
resource  study: 

effects  on  views  from  residences 

effects  on  views  from  parks,  recreation,  and  preservation  areas 

effects  on  views  from  travel  routes 

effects  on  views  from  highly  sensitive  cultural  resource  sites  (e.g.,  historic 
landmarks)  (also  refer  to  Cultural  Resources  Technical  Report) 

effects  on  scenic  resources 

compliance  with  agency  visual  resources  management 

The  impact  assessment  is  based  on  the  fundamental  elements  found  in  the  BLM's  8400  Series 
Visual  Resources  Manual  (BLM,  1986)  and  the  FS  Visual  Resource  Management  Systems  (FS 
1974).   The  methods  and  procedures  described  in  these  documents  guided  the  collection  of 
inventory  data  and  were  adapted  to  address  the  specific  issues  related  to  the  construction 
and  operation  of  the  SWIP  500kV  transmission  line. 

The  detailed  visual  resources  database  created  for  the  SWIP  is  housed  and  managed  in 
Dames  &  Moore's  Geographic  Information  System  (CIS),  a  computerized  mapping  and 
analysis  software.   GIS  was  used  to  map,  analyze,  and  derive  elements  of  the  visual  resource 
database. 
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Fundamental  elements  of  the  BLM  and  FS  visual  resource  assessment  procedures  were 
adapted,  as  necessary,  and  incorporated  into  a  series  of  computer  models.  These  models, 
when  combined  in  GIS  with  the  visual  resource  database,  assign  visual  impact  levels  for  each 
of  the  six  impact  types  previously  listed.   In  addition,  video  and  photographic  simulations  of 
representative  and  important  views  were  used  to  further  evaluate  the  accuracy  of  the 
predicted  visual  impacts. 

Visual  resource  impacts  are  expected  to  result  where  the  proposed  transmission  line  is  visible 
from  sensitive  viewpoints  and  where  visual  contrasts  of  the  line  and  construction  activities 
affect  the  inherent  aesthetic  value  of  the  landscape.   Viewer  impacts  are  determined  by 
visibility  of  the  project  visual  contrasts  and  proximity  of  the  study  corridors  to: 

•  residences 

•  parks,  recreation,  and  preservation  areas 

•  highways  and  travel  routes 

•  cultural  and  historic  sites 

Visual  impacts  are  summarized  in  the  Results  section  of  this  document.  The  Data  Tables 
detail  the  impact  levels  and  locations  of  the  initial  impacts,  mitigation,  and  residual  impacts 
along  the  assumed  centerline  of  the  study  corridor.   Impacts  are  reported  in  0.1  mile 
increments. 


Methods 

This  section  of  the  visual  resource  report  documents  the  criteria,  methods,  and  models  used 
to  determine  the  potential  visual  impacts  that  construction  and  operation  of  a  transmission 
line  along  the  study  corridors  would  have  on  the  visual  resources  of  the  lands  crossed.   As 
described  in  the  inventory  section  of  this  report,  computer  models  were  used  to  derive  scenic 
quality  ratings  visibility  mapping  from  sensitive  viewpoints.  These  were  called  the  pre- 
assessment  models.   Additional  modeling  using  the  Ground  Disturbance  model  (see 
Objectives,  Procedures,  and  Results  Technical  Report)  and  landcover  data,  classified  from 
Thematic  Mapper  satellite  imagery,  were  used  to  determine  visual  contrast  levels. 

Where  VRM  classes  were  not  available  from  BLM  inventories,  they  were  derived  (project- 
level  VRM  classes)  through  a  GIS  model  automating  the  procedures  in  the  BLM  Visual 
Resources  Manual  (BLM,  1986).  Compliance  with  VRM  and  WQQ  classes  was  determined  by 
comparing  visual  contrasts  of  the  project  with  the  levels  of  acceptable  change  in  the  visual 
management  objective  to  determine  whether  or  not  the  predicted  visual  contrasts  would  meet 
the  designated  objectives. 

In  general,  the  impact  assessment  models  assigned  initial  impact  levels  by  comparing  visual 
contrasts  of  the  project  with  views  from  sensitive  viewpoints  and  the  scenic  quality  of  the 
natural  landscape.   Refer  to  the  Objectives,  Procedures,  and  Results  Technical  Report  for 
further  details  on  the  GIS  models  used  in  the  impact  assessment. 


6-21 


Visual  Contrast 

Visual  contrast  is  a  measure  of  the  degree  of  physical  change  in  the  landscape.  Contrast,  the 
measure  of  actual  visual  change,  does  not  consider  how  this  change  is  seen  from  sensitive 
viewpoints.   How  the  visual  changes  are  seen  from  sensitive  viewpoints  are  the  viewer 
impacts. 

Visual  contrast  is  made  up  of  three  separate  contrast  models: 

•  landform  contrast 

•  vegetation  contrast 

•  structure  contrast 

The  individual  components  of  visual  contrast  are  described  below. 

Landform  and  Vegetation  Contrast 

Landform  contrast  is  the  change  in  landform  patterns,  exposure  of  soils,  erosion  scars, 
slumping,  and  other  disturbances  that  would  be  noticed  as  uncharacteristic  in  the  natural 
landscape.   Landform  contrast  is  determined  by  the  degree  and  duration  of  ground 
disturbance  that  would  result  from  access  roads  and  construction  activities. 

Measures  of  landform  contrast  are  based  on  access  level  (extent  of  new 
construction/maintenance  road  or  spur  road  construction,  and  disturbance  from  tower  sites 
and  marshalling  yards)  and  soils  contrast  (based  on  field  observations  of  soil  color  before  and 
after  disturbance,  and  soil  erosion  potential).   Access  levels  were  defined  as: 

•  Level  1  -  agricultural  lands,  no  new  access  roads  needed 

•  Level  2  -  no  new  access  roads  needed,  use  existing  roads,  build  spur  roads  into 

tower  sites 

•  Level  3  -  new  access  roads  in  flat  to  gently  rolling  terrain,  slopes  are  0-8%, 

approximately  3  acres  of  disturbed  area  per  mile  of  trar«mission 

•  Level  4  -  new  access  roads  in  moderately  steep  terrain,  slopes  are  8- 

35%,approximately  5  acres  of  disturbed  area  per  mile  of  transmission 

•  Level  5  -  new  access  roads  in  steep  terrain,  slopes  are  35-65%,  approximately  7 

acres  of  disturbed  area  per  mile  of  transmission 

The  model  compares  the  level  of  ground  disturbance  expected  with  a  ratio  of  density  of  new 
roads  to  existing  roads.  This  is  termed  the  change  in  road  density.   The  degree  of  change  is 
then  assigned  a  landform  contrast  level  (refer  to  Figure  VR-7).   Also,  refer  to  Objectives, 
Procedures,  and  Results  Technical  Report  for  a  detailed  disoission  of  the  public  access, 
ground  disturbance,  and  landform  contrast  models. 
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VEGETATION  CONTRAST 
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Figure  VR-7 


Vegetation  contrast  is  determined  by  the  diversity  and  complexity  of  vegetation  types  and 
patterns.   Diversity  is  a  major  criteria  in  determining  the  inherent  capability  of  the  landscape 
to  absorb  visual  changes.  Vegetation  contrast  was  determined  for  the  study  corridors  using 
Thematic  Mapper  landcover  data  in  a  GIS  model.  The  result  of  the  model  was  a  measure  of 
landcover  diversity. 

The  model  was  designed  to  evaluate  the  diversity  of  types  of  landcover  (e.g.,  vegetation 
associations)  within  a  one-mile  radius  of  a  point  along  the  assumed  centerline  of  each  study 
corridor  (refer  to  Figure  VR-7).   A  value  is  placed  at  that  point,  then  the  model  moves  to  the 
next  point  along  the  centerline  and  completes  the  same  evaluation.  This  process  continues 
until  the  diversity  of  landcover  is  completed  along  all  alternatives  (refer  to  the  Objectives, 
Procedures,  and  Results  Technical  Report  for  detailed  description  of  the  "running  average" 
model). 

This  model  was  combined  with  the  results  of  the  landform  contrast  model  through  a  matrix 
(refer  to  Figure  VR-8)  to  develop  landform  and  vegetation  contrast.   Landform  and 
vegetation  contrast  is  expressed  as  strong,  moderate,  or  weak. 

Structure  Contrast 

Structure  contrast  examines  the  compatibility  of  transmission  facilities  with  the  existing 
landscape.   Structure  contrast  is  greatest  where  there  are  no  other  structures  (e.g.,  buildings, 
existing  utilities)  in  the  landscape.   For  the  most  part,  structure  contrast  is  determined  by  the 
presence  or  absence  of  existing  parallel  transmission  lines.  The  model  developed  to  determine 
structure  contrast  is  illustrated  by  flow  diagram  in  Figure  VR-9.  The  structure  contrasts  of 
the  SWIP  proposed  tower  types  with  the  existing  transmission  lines  are  illustrated  in  Figure 
VR-10. 


Visual  Contrast  Levels 

Visual  contrast  levels  were  assigned  to  the  landscapes  inventoried  within  the  study  corridors 
through  the  combination  of  landform,  vegetation  and  structure  contrast  (refer  to  the  matrix  in 
Figure  VR-11).  Three  levels  (weak,  moderate,  and  strong)  are  used  to  describe  the  potential 
visual  contrasts  that  would  result  from  the  construction  and  operation  of  the  proposed 
transmission  line.   The  following  describes  some  of  the  conditions  associated  with  each  visual 
contrast  level: 

Strong  Visual  Contrast 

•  contrasts  caused  by  the  construction  of  new  access  roads  in  steep  terrain  (Access 
Levels  4  and  5) 

•  the  removal  of  dense  vegetation  (e.g.,  trees)  for  right-of-way  clearing,  tower  sites, 
and  access  roads 
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•  disturbing  soils  and  exposing  soil  color  differences 

•  a  landscape  with  no  existing  transmission  lines 
Moderate  Visual  Contrast 

•  contrasts  caused  by  the  construction  of  new  access  roads  in  rolling  terrain  with 
occasional  short  steep  slopes  (Access  Levels  3  and  4) 

•  the  removal  of  vegetation  (e.g.,  pinon-juniper,  large  sage  or  dense  grasslands)  for 
right-of-way  clearing  and  access  roads 

•  disturbing  soils  and  causing  some  contrast 

•  a  landscape  where  the  proposed  transmission  parallels  a  smaller  existing  line  of  a 
different  structure  type 

Weak  Visual  Contrast 

•  contrasts  caused  by  the  construction  of  short  spur  roads  or  crushed  vegetation  from 
overland  access  of  tower  sites  (Access  Levels  1  and  2) 

•  minimal  removal  of  vegetation 

•  the  color  of  exposed  soils  and  undisturbed  soils  are  similar 

•  a  landscape  where  the  proposed  transmission  line  parallels  a  similar  existing  line 

Visibility  and  Viewing  Variables 

Visibility  is  an  evaluation  of  how  the  proposed  project  would  be  seen  from  the  sensitive 
viewpoints  (listed  in  Tables  VR-6  and  VR-7).  Visibility  from  sensitive  viewpoints  was 
derived  through  a  GIS  computer  visibility  model  (refer  to  flow  diagram  in  Figure  VR-12). 
The  model  utilizes  USGS  digital  elevation  mapping  (DEM)  to  determine  the  seen  area  from 
each  viewpoint.  Because  trees  are  largely  absent  throughout  the  study  corridors,  visibility 
mapping  is  based  primarily  on  the  terrain. 

Mapping  of  the  seen  area,  viewshed  mapping,  was  divided  into  concentric  distance 
thresholds,  or  distance  zones,  using  the  GIS.  The  affects  of  distance  on  visibility  is  described 
below  by  distance  zone.  The  other  variables  specifically  describe  the  conditions  under  which 
the  landscape  is  viewed.  The  variables  of  view  duration,  viewer  orientation,  number  of 
viewers,  and  lighting  conditions  are  used  to  modify  the  impact  levels  for  specific  viewing 
conditions. 

Distance  Zone  -  Project  visual  contrasts  are  typically  more  noticeable  when  the  viewer  is 
closer.   So,  perception  of  visual  changes  in  the  landscape  usually  decreases  with  distance. 
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Figure  VR-9 
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Figure  VR-10 
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Figure  VR-11 
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Figiore  VR-12 


Views  of  visual  changes  associated  with  a  transmission  line  in  the  landscape  can  described  in 
terms  of  distance  thresholds,  or  distance  zones,  that  define  the  level  of  visual  perception  that 
can  be  expected. 

Distance  zones  used  for  the  SWIP  have  been  developed  specifically  for  similar  transmission 
line  projects  and  the  visual  characteristics  of  the  surrounding  landscapes.   These  distance 
zones  are  based  on  an  analysis  of  visual  perception  in  terms  of  viewing  distance  and  viewing 
conditions  for  similar  projects  in  similar  settings.  The  distance  zones  used  for  the  SWIP  are 
supported  by  previous  research  on  the  visual  perception  of  transmission  lines  in  similar 
landscapes  (Jones  &  Jones,  1976). 

Based  on  this  research  and  experience  from  numerous  transmission  line  projects,  the 
following  distance  zones  were  used  to  assess  impacts  of  the  SWIP: 

•  0  to  1  /4  mile  -  proximate  visibility  threshold 
•1/4  mile  to  1  mile  -  high  visibility  threshold 

•  1  to  3  miles  -  moderate  visibility  threshold 

•  beyond  3  miles  -  low  visibility  threshold 

•  seldom  seen  -  areas  not  visible  from  sensitive  viewpoints 

View  Duration  -  View  duration  is  the  frequency  and  duration  of  views  of  the  project  from 
fixed  (e.g.,  scenic  overlooks  and  vistas,  residences),  or  from  linear  and  continuous  viewpoints 
(e.g.,  highways  or  trails).   Duration  is  highest  for  viewpoints  that  usually  are  continuously 
occupied  (e.g.,  residences).  View  duration  varies  substantially  for  other  types  of  viewpoints 
(e.g.,  highways  or  recreation  sites).   Brief  or  intermittent  views,  like  crossing  a  highway,  are 
considered  low  duration  views. 

Viewer  Orientation  -  Viewer  orientation  is  the  degree  to  which  a  viewer's  attention  is 
directed  towards  or  away  from  the  project  in  a  particular  viewing  situation.  This  is 
determined  by  view  angle,  viewer  position,  and  the  location  of  distinctive  landscape  features 
(e.g.,  focal  points,  overlooks,  interpretive  sites)  in  relation  to  the  project.   A  perpendicular 
view  angle  will  typically  "catch"  the  viewer's  attention  more  quickly  that  an  oblique  view 
angle.   A  viewing  position  above  or  below  the  line  of  sight  can  also  influence  to  what  degree 
the  project  is  noticeable. 

Number  of  Viewers  -  The  impact  assessment  also  considers  the  number  of  viewers  from  a 
single  viewpoint  or  a  number  of  adjacent  viewpoints  (e.g.,  dense  residential  areas  vs.  isolated 
residences,  high  vs.  low  use  recreation  sites)  This  variable  can  be  used  to  refine  the  use 
volume  criterion  in  the  visual  sensitivity  analysis  (refer  to  the  inventory  section). 

Lighting  Conditions  -  Seasonal  and  daily  (diurnal)  patterns  of  natural  lighting  can  effect  the 
visual  contrast  of  the  project  when  seen  from  particular  directions  or  positions.  Sunlight 
reflected  from  conductors  and  towers  can  make  them  more  visible.  This  is  usually  the  case 
when  the  sun  is  at  the  viewers  back  and  is  reflecting  from  the  surfaces  of  the  project  back 
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towards  the  viewer.  This  is  known  as  a  "frontlit"  condition.  Sidelit  or  backlit  situations 
typically  would  not  increase  the  visibility  of  a  transmission  line. 

For  this  analysis,  lighting  conditions  are  assumed  to  be  constant  for  all  the  study  corridors. 
For  this  reason,  lighting  conditions  are  considered  to  be  worst-case  for  assessing  initial 
impacts. 

Visual  Impact  Levels 

Seven  visual  impact  assessment  models  were  developed  to  determine  initial  impact  levels  for 
the  following  impact  types  identified  in  the  inventory: 

•  residential 

•  recreation  (high  sensitivity  and  moderate  sensitivity  viewpoints) 

•  travel  routes  (high  sensitivity  and  moderate  sensitivity  viewpoints) 

•  sensitive  cultural  and  historic  sites 

•  scenic  resources 

An  eighth  model  was  used  to  determine  whether  or  not  visual  contrasts  project  development 
would  comply  with  agency  visual  management  (yRM/VQQ).  This  was  determined  using 
definitions  for  acceptable  change  within  the  various  levels  of  agency  management  objectives 
(refer  to  Table  VR-1). 

The  flow  diagram  in  Figure  VR-1 3  illustrates  the  modeling  procedure  used  to  assess  visual 
resource  impacts.  The  visual  impact  model  combined  viewshed  mapping  from  sensitive 
viewpoints  with  mapping  of  visual  contrast  to  determine  the  level  of  contrast  visible  in  the 
landscape  to  viewers.  Specific  viewer  conditions  determined  how  viewers  would  see 
predicted  visual  contrasts.  Initial  visual  impact  levels  for  viewpoints  were  determined 
through  the  matrices  used  in  the  GIS  impact  assessment  models  (refer  to  Figure  VR-1 4). 

Initial  impact  levels  can  be  mitigated  by  applying  appropriate  measures  or  techniques  to 
reduce  visibility  or  contrast.   Refer  to  Table  4-2  in  the  DEIS/DPA  for  a  list  of  the  Selectively 
Committed  N4itigation  Measures  used  for  this  project.   Measures  1,  2,  3,  4,  6,  and  9  were 
applied  to  initial  impacts  through  a  matrix  in  the  model,  while  measures  5,  7,  and  8  were 
applied  manually  on  a  site  specific  basis,  modifying  some  impact  levels. 

Generally,  impacts  resulting  from  strong  contrasts  in  the  landscape  visible  from  high 
sensitivity  viewpoints  would  remain  high  in  the  0-1/4  mile  proximate  distance  zone.   In 
some  cases,  high  visual  impacts  up  to  one-half  mile  (1  /4  mile  -  1  mile  distance  zone)  would 
also  remain  high.   These  are  termed  high  residual  impacts.  The  mitigation  measures  used  in 
this  analysis  are  expected  to  be  effective  in  reducing  visual  contrasts  for  most  high  and 
moderate  initial  visual  impacts.   Although  visual  contrast  would  be  reduced  by  mitigation,  in 
some  cases  the  residual  impact  level  may  be  reduced  by  a  full  level.   Further,  under  certain 
conditions  moderate  impacts  are  considered  significant.  For  example,  where  a  study  corridor 
would  parallel  a  moderate  sensitive  viewpoint  (e.g.,  U.S.  Highway)  resulting  in  many  miles 
of  moderate  impacts  to  the  same  viewers,  this  would  result  in  significant  impacts  to  viewers. 
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Figure  VR-14 
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The  remainder  of  this  section  describes  the  impact  assessment  model,  and  discusses  the  initial 
and  residual  impact  levels. 

Residential  Viewer  Impacts  -  As  shown  in  Table  VR-6,  the  visual  sensitivity  of  residential 
viewers  is  high.   Initial  impact  levels  were  determined  by  computer  modelling  visual  contrast 
levels  with  the  visibility  mapping.   Specific  viewing  conditions  and  the  position  of  each 
residence  in  the  landscape  were  considered  modifiers  of  visibility.  The  application  of 
mitigation  to  initial  impact  levels  resulted  in  residual  visual  impacts.   Figure  VR-14  illustrates 
the  matrices  used  in  the  GIS  impact  assessment  model  to  establish  initial  impact  levels, 
mitigation  measures,  and  residual  impact  levels. 

High  visual  impacts  to  potentially  continuous  views  from  residences  usually  resulted  from 
strong  or  moderate  visual  contrasts  when  viewed  at  distances  of  up  to  one-half  mile  away. 

Recreation  Viewer  Impacts  -  Recreation  viewer  impacts  address  the  visual  effects  of  the 
SWIP  when  viewed  by  users  of  parks,  campgrounds,  picnic  areas,  trails,  and  other  recreation 
areas.   Recreation  viewpoints  were  assigned  a  visual  sensitivity  based  on  use  volume  and  the 
expected  attitude  of  the  user.  Generally,  areas  of  dispersed  recreation,  those  areas  without 
designated  viewpoints  or  developed  facilities,  were  considered  moderate  sensitivity. 
Dispersed  use  of  Wilderness  Study  Areas  were  considered  high  sensitivity  viewpoints. 
However,  because  of  the  inherent  difficulty  in  assessing  specific  visual  impacts  associated 
with  dispersed  recreation  use,  visual  impacts  to  dispersed  views  are  addressed  generally. 

Sections  of  the  Snake  River  and  Salmon  Falls  Creek  were  considered  to  have  high  sensitivity 
because  of  the  seasonal  recreation  uses  (e.g.,  floating,  canoeing,  camping)  that  occur  on  or 
along  them.  Table  VR-6  lists  the  visual  sensitivities  assigned  to  other  recreation  viewpoints. 

Again,  specific  viewing  conditions  and  the  position  of  the  viewpoint  in  the  landscape  were 
considered  modifiers  of  visibility.  Residual  impacts  were  determined  after  mitigation.   Refer 
to  Figure  VR-14  for  the  initial  impact  levels,  the  mitigation  measures,  and  residual  impact 
levels  determined  through  the  impact  assessment  model  for  the  viewpoints. 

Travel  Route  Impacts  -  Impacts  to  travel  routes  document  the  visual  effects  to  travelers  on 
highways,  byways,  scenic  routes,  recreation  access  roads,  and  other  roads  crossed  or 
paralleled  by  the  study  corridors  of  the  proposed  project.  These  linear  viewpoints  were 
evaluated  as  high  or  moderate  sensitivity  as  shown  in  Table  VR-6.  Similar  to  residential  and 
recreation  viewers,  visual  impact  levels  were  determined  by  computer  modelling  of  visual 
contrast  levels  and  visibility  distance  zones.  The  matrices  in  Figure  VR-14  show  the  impact 
levels  and  the  mitigation  measures  applied  by  the  model. 

High  impacts  to  high  sensitivity  travel  routes  (e.g.,  scenic  routes)  resulted  from  the  strong  or 
moderate  visual  contrasts  in  the  first  two  distance  zones,  up  to  one-half  mile.   These 
conditions  usually  occurred  at  diagonal  crossings,  where  long  axial  views  are  possible,  or 
situations  where  the  study  corridor  parallels  a  travel  route.  Consideration  of  other  viewing 
variables  (e.g.,  view  duration),  specific  viewing  conditions,  and  the  position  of  the  viewpoint 
in  the  landscape  were  considered  modifiers  of  visibility.  The  application  of  specific 
mitigation  measures  determined  residual  impact  levels. 
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Visual  Impacts  to  Sensitive  Cultural  Resources  -  Visual  impacts  to  sensitive  cultural 
resources  address  the  effects  perceived  by  visitors  of  national  historic  landmarks  and  other 
significant  cultural  and  historic  resources.  Table  VR-6  lists  the  sensitive  viewpoints  assessed 
for  impacts.   High  initial  impacts  to  these  sites  resulted  from  strong  or  moderate  visual 
contrasts  in  the  first  two  distance  thresholds,  up  to  one-half  mile.  These  impacts  are 
considered  to  significantly  degrade  the  setting  of  the  cultural  site.   In  addition,  the  landscapes 
around  sites  on  the  National  Register  of  Historic  Places  and  eligible  sites  are  protected  by 
federal  legislation  (refer  to  Cultural  Resources  Technical  Report). 

Specific  viewing  conditions  and  the  position  of  each  site  in  the  landscape  were  considered 
modifiers  of  visibility.   Applying  mitigation  to  the  initial  impact  levels  determined  residual 
impacts.   Figure  VR-14  shows  the  impact  levels  and  mitigation  measures  used  in  the 
assessment  of  visual  impacts  to  cultural  resources. 

Scenic  QualityA^isual  Interest  Impacts  -  Impacts  to  scenic  quality  are  based  on  the  changes 
in  quality  and  quantity  of  the  visual  resources  inherent  in  the  natural  landscape,  without 
regard  to  how  it  is  seen  from  viewpoints.  Scenic  quality  classes  were  established  in  the 
inventory  (refer  to  Scenic  (i^ality)  as  a  result  of  an  analysis  and  evaluation  of  the  visual 
character  of  the  landscape.   Impact  levels  were  determined  using  a  GIS  model  that  evaluated 
the  effects  of  visual  contrast  on  these  derived  scenic  quality  classes.   Strong  visual  contrasts 
in  areas  of  scenic  quality  Class  A  usually  resulted  in  high  initial  visual  impact  levels.   Figiire 
VR-15  illustrates  the  model  matrices  used  to  determine  initial  impact  levels,  mitigation 
measures,  and  residual  impact  levels. 

In  addition,  the  model  considered  the  effects  of  the  SWIP  on  developed  landscapes  (e.g., 
agricultural  areas)  and  assessed  impacts  to  the  visual  interest  of  the  landscape.   Though  these 
landscapes  cannot  be  classified  by  federal  visual  inventory  and  assessment  procedures,  these 
landscapes  are  often  perceived  by  the  public  to  possess  high  visual  interest.   Impacts  to  the 
visual  interest  of  developed  landscapes  were  determined  through  the  values  shown  under 
"Agricultural  lands"  in  Figure  VR-15. 

VRMA'^QO  Compliance  -  VRM/VQP  designations  were  examined  to  determine  whether  or 
not  the  level  of  visual  change  from  construction  and  operation  of  the  proposed  500kV 
transmission  line  would  meet  the  adopted  visual  management  objectives  on  BLM  and  FS 
lands.   Visual  changes  are  not  permitted  in  VRM  Qass  I  and  WQO  Preservation  designations. 
Moderate  or  strong  visual  contrasts  in  areas  of  VRM  Qass  II  and  VC^O  Retention  and  Partial 
Retention  would  not  comply  with  agency  visual  management  objectives.   Figure  VR-16 
illustrates  the  model  matrices  used  to  determine  whether  initial  impacts  would  comply  with 
agency  visual  management.   This  figure  also  illustrates  the  mitigation  measures 
recommended  to  reduce  visual  contrasts,  and  shows  whether  or  not  residual  impacts  would 
comply  with  agency  visual  management. 

Photo-Simulations 

Important  views  and  areas  where  issues  of  potential  visual  impacts  were  of  high  concern 
were  further  evaluated  using  photographic  simulations  techniques.   Simulations  were  used  to 
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Figure  VR-16 


evaluate  the  accuracy  of  the  predicted  visual  impacts,  to  determine  the  effectiveness  of 
recommended  mitigation,  and  to  illustrate  the  expected  impacts  to  the  concerned  agencies 
and  the  public.  Some  of  these  simulations  are  in  the  Map  Volume: 

•  Minidoka  Relocation  Center  National  Historic  Site  -  views  from  a  site  on  the 
National  Register  of  Historic  Places  G-ink  20),  where  Americans  of  Japanese  descent 
were  interned  during  World  War  n 

•  Contact  -  the  potential  visual  effects  of  the  crossing  of  U.S.  Highway  93  (Link  102) 
by  the  SWIP  parallel  to  two  existing  transmission  lines  north  of  Contact,  Nevada 

•  Contact  to  Jackpot  -  view  of  the  SWIP  and  two  existing  transmission  lines  parallel 
to  U.S.  Highway  93  (Link  101)  between  Contact  and  Jackpot,  Nevada 

•  North  Steptoe  substation  site  -  the  view  west  from  U.S.  Highway  93  at  a  proposed 
alternative  substation  site  in  North  Steptoe  Valley 

•  Cave  Lake  State  Recreation  Area  -  the  view  of  the  SWIP  crossing  the  entrance  road 
(Link  380)  into  the  Cave  Lake  State  Recreation  Area  (part  of  the  Success  Loop,  a 
scenic  route) 

•  Oasis  -  a  view  of  the  proposed  SWIP  transmission  line  crossing  Interstate  80  (Link 
211)  near  Oasis,  Nevada,  where  the  BLM  has  designated  a  low  visibility  corridor 

•  Lake  VaUey  Summit  -  the  view  from  a  proposed  interpretive  site  for  Great  Basin 
National  Park  on  Utah  State  Highway  21  (Link  451) 

•  Sacramento  Pass  -  two  photosimulations  of  this  viewpoint  illustrating  the  effects  of 
self-supporting  steel  lattice  towers  and  H-frame  towers  to  views  of  Wheeler  Peak 
from  U.S.  Highway  6/50  (Link  460) 

•  Great  Basin  National  Park  visitor  center  -  the  view  of  the  SWIP  where  it  would 
parallel  a  pair  of  existing  230kV  transmission  lines  (Link  461)  across  the  Snake 
Valley  (the  computer-based  perspective  drawing  demonstrated  that  transmission 
line  towers  would  be  almost  imperceptible  at  the  viewing  distance  of  20+  miles) 


• 


Bristol  Wells  -  the  view  of  the  proposed  SWIP  transmission  line  from  Bristol  Wells 
(Link  674),  a  site  on  the  National  Register  of  Historic  Places 

•  Pahranagat  Wash  -  the  view  south  on  U.S.  Highway  93  (Link  690)  near  the 
Pahranagat  Wildlife  Refuge 

These  photo  simulations  were  created  using  a  combination  of  computer  drawing  techniques 
and  hand  rendering.   Accurate  perspective  drawings  of  the  proposed  transmission  line  were 
completed  using  a  computer.  These  drawings  were  combined  with  a  three-dimensional 
model  of  the  topography  of  the  landscape  created  by  computer  to  create  an  accurate 
representation  of  the  scale  and  perspective  of  the  transmission  line  as  it  would  be  seen  from 
the  viewpoint.  The  composite  drawings  guided  the  rendering  of  the  transmission  line  and 
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physical  changes  in  the  landscape  directly  onto  photographs  of  a  view.   Renderings,  using 
fine  brushes,  ink,  pencils,  and  airbrush,  created  the  "realistic"  representations  of  features  and 
elements  in  their  respective  colors,  texture,  lighting,  and  visual  elements.  Some  of  these 
simulations  are  located  in  the  Map  Volume. 

Mitigation  Planning 

As  a  result  of  the  proponents  commitment  to  generic  mitigation  measures,  overall  visual 
impact  levels  are  expected  to  be  somewhat  lower  than  those  typically  associated  with  a 
transmission  facility  of  this  type.   In  addition,  selectively  committed  mitigation  measures  are 
expected  to  further  reduce  initial  visual  impact  levels  (also  refer  to  Table  4-1  in  the 

DEIS/DPA). 

Specifically,  the  use  of  non-specular  (non-reflective)  conductors  and  dulled  structures  in 
sensitive  areas  could  substantially  reduce  visual  contrast.  This  mitigation  measure  involves 
special  treatments  to  the  surfaces  of  conductors  and  the  structviral  components  of  towers. 
These  treatments  minimize  the  effect  of  extended  or  exaggerated  visibility  that  occurs  in 
specific  lighting  conditions. 

Other  mitigation  measures  involve  using  modified  or  alternative  tower  types  (e.g.,  H-frame), 
positioning  towers  to  match  the  span  of  existing  lines  being  paralleled  (where  feasible),  or 
placing  towers  at  the  maximum  distance  back  from  a  road  or  trail  crossing. 

Mitigation  is  applied  after  identifying  the  factors  contributing  to  the  level  of  visual  impact. 
These  factors  are  landform  contrasts  and  vegetation  contrasts  that  result  from  construction 
activities,  and  structvire  contrasts  associated  with  the  presence  of  a  new  structure  in  the 
landscape  (see  Visual  Contrast).   Effective  mitigation  are  those  measures  that  reduce  project 
visibility  or  the  visual  contrast  resulting  from  project  activities. 

For  visual  resources,  it  was  determined  that  the  "low"  impact  level  would  be  the  minimum 
level  used  to  describe  visual  impacts  since  some  level  of  identifiable  impact  would  be 
associated  with  project  development  for  all  alternatives.   As  this  minimal  case  was  assumed 
to  be  the  best  case,  mitigation  measures  were  not  recommended  for  low  impacts. 
Appropriate  mitigation  measures  were  recommended  for  high  and  moderate  impacts,  where 
effective  and  depending  on  the  particular  viewing  and  impact  conditions. 

Mitigation  Effectiveness 

Mitigation  measures  would  be  applied  individually  and  in  combination  on  a  site  specific 
basis  where  visual  contrast  could  be  expected  to  be  effectively  reduced.   Though  the 
application  mitigation  measures  may  be  effective  in  reducing  initial  visual  impacts  by  a  full 
level,  in  certain  cases,  the  residual  impact  level  may  be  the  same  as  initial  impact  level.   In 
these  cases,  mitigation  is  still  considered  effective  in  reducing  the  severity  of  the  impact  if  not 
the  impact  level. 
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The  effects  of  applying  these  mitigation  measures  on  the  components  of  visual  contrast  are 
described  below: 

Landform  Contrast  -  Most  landform  contrasts  are  the  result  of  upgrading  of  existing 
roads,  constructing  new  access  roads,  and  constructing  towers.   Minin^zing  ground 
disturbance  to  the  land  would  reduce  landform  contrast.   By  eliminating  new  access 
road  construction.  Measures  1  or  2  would  minimize  the  long-term  potential  landform 
impacts  associated  with  new  road  construction.   Overland  access,  if  used  exclusively, 
would  be  difficult  or  in  some  cases  unfeasible  in  steep  or  rocky  terrain. 
Consequently,  it  is  only  recorrunended  in  areas  where  strong  visual  contrasts  are 
expected  to  result  from  landform  contrasts.  The  cost  of  rehabilitating  all  new  access 
roads.  Measure  4,  would  be  cost  prohibitive.   Again  this  measure  is  applied  only  in 
areas  of  significant  visual  impacts. 

Measure  3  applies  to  the  construction  of  new  access  roads  and  overland  access  routes. 
This  measure  requires  that  roads  be  constructed  with  sensitivity  to  landform  contours 
to  reduce  landscape  scarring.   Applying  Measures  5,  6,  7,  and  8  could  further  reduce 
impacts  by  specific  siting  of  towers  in  areas  with  sensitive  visual  landscapes  or 
features  so  that  strong  contrasts  can  be  avoided.  Specific  siting  of  towers  would  also 
influence  the  location  of  access  and  spur  roads. 

Vegetation  Contrast  -  In  general,  vegetation  contrast  contributes  only  slightly  to  the 
overall  visual  contrast  levels  in  the  sparsely  vegetated  desert  landscapes  crossed  by 
most  of  the  study  corridors.   Visual  contrasts  from  vegetation  removal  for  this  project 
are  expected  to  result  primarily  in  color  contrasts  between  adjacent  vegetation  cover 
and  soils  exposed  where  vegetation  is  removed.   Strong  vegetation  contrasts  are 
usually  associated  with  construction  disturbance  in  riparian  areas  and  forest. 

In  sensitive  areas.  Measure  1  may  be  necessary  to  eliminate  the  contrasts  from 
removing  vegetation  along  upgraded  existing  roads.   Measure  2,  accessing  overland, 
would  eliminate  vegetation  removal  by  new  access  roads  and  spur  roads.  Where  new 
access  roads  are  required.  Measures  4,  5,  6,  and  8  would  be  effective  in  minimizing 
vegetation  contrasts  by  rehabilitating  disturbed  areas,  avoiding  or  spanning  sensitive 
areas,  and  using  modified  tower  designs. 

Structure  Contrast  -  Measure  9,  the  use  of  non-specular  (non-reflective)  conductors 
can  effectively  reduce  contrasts  by  lowering  tower  visibility.  The  use  of  dulled 
materials  for  tower  fabrication.  Measure  10,  can  also  lower  tower  visibility.   Further, 
Measure  10  can  also  effectively  reduce  structure  contrast.   For  the  study  corridors  that 
parallel  existing  transmission  lines,  the  use  of  an  alternative,  similar,  tower  type  (e.g., 
H-frame)  can  effectively  reduce  structure  contrast.   In  addition.  Measure  7  can  be 
effective  in  further  reducing  structure  contrast  by  placing  the  proposed  towers  to 
match  the  span  (where  feasible)  of  an  existing  transmission  line.   Structiire  contrast  at 
crossings  of  highways,  roads,  trails,  and  canyons  can  be  reduced  by  Measure  8, 
placing  towers  at  the  maximum  feasible  distance  from  the  crossing. 
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Results 

Residential  Viewer  Impact  Summary 

High  impacts  to  views  from  residences  are  the  result  of  strong  visual  contrasts  in  the  0  -  1/4 
mile  proximate  visibility  distance  zone  and  up  to  one-half  mile  in  the  high  visibility  distance 
zone.  The  number  of  high  impacts  to  residential  views  were  initially  minimized  during  the 
regional  study,  where  the  study  corridors  were  sited  to  avoid  residential  areas.   Residual 
high  impacts  are  described  in  this  section  by  state.  Refer  to  the  Data  Tables  for  detailed 
documentation  of  the  visual  impacts  assessed  for  residential  viewers  for  the  study  corridors. 

Idaho 

The  majority  of  high  visual  impacts  are  associated  with  residences  dispersed  in  the 
agricultural  lands  of  the  Snake  River  valley  and  in  the  vicinity  of  the  communities  of 
Hagerman,  Eden,  Hansen,  and  Rogerson.  Several  miles  of  high  residual  impacts  are  expected 
to  views  from  residences  within  one-half  mile  of  Link  41,  where  this  corridor  passes  through 
areas  with  concentrations  of  rural  residences. 

Additional  high  residual  impacts  are  expected  along  about  three  miles  of  Link  61  for 
residential  views  in  agricultural  areas  in  the  vicinity  of  Hagerman.  Other  study  corridors 
with  potentially  high  visual  impacts  to  more  than  three  residences  include:  Links  10,  20,  30, 
62,  and  64.   Links  42,  63,  64,  and  70  in  Idaho  are  expected  only  to  have  high  residual  impacts 
to  one  or  fewer  residences  along  each  link. 

Nevada 

Areas  of  potentially  high  residual  visual  impacts  to  views  from  residences  are  located  in  the 
vicinity  of  Wells,  two  rural  subdivisions  east  of  Ely,  and  a  third  near  Hercules  Gap,  north  of 
Ely.  Three  miles  of  Link  170  may  result  in  high  residual  impacts  to  views  from  residences  on 
the  periphery  of  Wells.  Residences  located  in  Smith  Valley  west  of  Hercules  Gap  would 
potentially  be  impacted  by  sky  lining  towers  where  Links  350,  351,  and  352  traverse  an 
adjacent  ridge.  Several  rural  residences  northwest  of  Preston  would  have  potentially  high 
residual  impacts  resulting  from  Links  670  and  675,  however,  these  residences  are  believed  to 
be  abandoned. 

Other  study  corridors  in  Nevada  that  potentially  impact  views  from  one  or  more  residences 
include  Links  292  and  350.   Links  711,  262,  270,  370,  390,  400,  410  and  461  in  Nevada  could 
have  potentially  high  residual  impacts  to  at  least  one  isolated  residence  along 
each  link. 
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Utah 

In  Utah,  potentially  high  residual  visual  impacts  are  limited  to  a  few  dispersed  residences  in 
agricultural  areas  east  of  the  communities  of  Hinckley  and  Abraham.   Links  520  and  530 
would  result  in  potentially  high  residual  impacts  to  views  from  two  residences.   Link  470 
would  potentially  impact  views  from  one  residence.  Other  alternative  corridors  in  Utah  are 
not  expected  to  result  in  high  residual  impacts  to  residential  views. 

Travel  Route  Viewer  Impact  Summary 

High  residual  visual  impacts  to  travel  routes  would  result  from  strong  to  moderate  visual 
contrasts  in  visibility  distance  zones  up  to  one-half  mile  from  the  these  viewpoints.   Where 
the  study  corridors  would  cross  or  closely  parallel  travel  routes  of  high  visual  sensitivity, 
high  residual  visual  impacts  are  expected  to  result.   Also  refer  to  the  Data  Tables  for  specific 
areas  of  impact. 


Idaho 

Residual  impacts  to  views  from  U.S.  Highway  30,  a  designated  scenic  highway,  could 
potentially  be  high  where  Link  61  crosses  the  highway  in  the  Snake  River  Canyon.   High 
residual  impacts  are  expected  to  views  from  several  roads  that  provide  access  to  recreation 
uses  or  sites  including  Salmon  Falls  Creek  WSA,  recreation  sites  on  Salmon  Falls  Reservoir, 
and  Hagerman  Fossil  Beds  National  Monument. 


Nevada 

Potentially  high  residual  visual  impacts  are  expected  to  occur  where  study  corridors  would 
cross  or  parallel  Success  Loop  (a  designated  scenic  route),  a  p>ortion  of  U.S.  Highway  93  (a 
designated  scenic  highway  south  from  Majors  Place),  the  California  Trail  Backcountry  Byway, 
the  Kane  Spring  Backcountry  Byway,  and  the  Horse  and  Cattle  Camp  Backcountry  Byway. 

Links  82,  83,  140,  and  151  would  all  result  in  high  residual  impacts  where  the  study  corridors 
would  cross  the  California  Trail  Backcountry  Byway.   Links  380  and  390  are  expected  to 
result  in  high  residual  visual  impacts  for  one-half  mile  each  at  crossings  of  Success  Loop. 

Link  410  would  result  in  one  and  one-half  miles  of  high  residual  impacts  where  it  would 
parallel  the  portion  of  U.S.  Highway  93,  a  designated  scenic  highway,  along  the  west  side  of 
Baking  Powder  Flat.   Links  390,  400,  and  420  would  cross  this  scenic  highway,  each  crossing 
potentially  causing  three-quarters  of  a  mile  of  high  residual  impacts.  The  Horse  and  Cattle 
Camp  Backcountry  Byway  is  paralleled  and  crossed  by  Link  364  in  three  different  locations. 
Two  miles  of  high  residual  impacts  are  expected  where  this  byway  is  paralleled  by  Link  364, 
and  about  one  mile  at  each  crossing. 
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Link  680  would  result  in  high  residual  impacts  to  views  from  the  Kane  Springs  Backcountry 
Byway  where  this  link  would  parallel  the  road.   In  addition.  Link  700  would  cross  this  scenic 
byway  and  result  in  some  high  residual  impacts.   Links  671  and  675  are  expected  to  result  in 
high  residual  impacts  for  one  mUe  each  where  they  cross  U.S.  Highway  93  (scenic  highway) 
in  the  Dry  Lake  Valley,  west  of  Caliente.   Approximately  45  miles  of  moderate  residual 
impacts  are  expected  where  Links  690,  700,  and  720   parallel  U.S.  Highway  93  from 
Pahranagat  Wash  south  through  Coyote  Spring  Valley  and  Hidden  Valley. 

High  residual  impacts  also  would  occur  where  the  study  corridors  would  cross  roads  that 
provide  primary  access  to  the  Blue  Mass  Scenic  Area,  Mount  Moriah  Wilderness,  Great  Basin 
National  Park,  Goshute  canyon  WSA,  Arrow  Canyon  WSA,  and  Currant  Mountains  WSA. 


Utah 

High  residual  visual  impacts  would  only  occur  where  the  study  corridors  would  cross  roads 
that  provide  access  to  the  Notch  Peak,  Howell  Peak,  Swasey  Mountains,  and  Fish  spring 
WSAs.   Moderate  residual  visual  impacts  to  travel  routes  in  Utah  are  expected  to  occur  for 
one-half  mile  each  at  the  crossings  of  State  Highway  6/50  by  Link  460  at  Sacramento  Pass, 
and  Link  600  in  the  vicinity  of  Delta,  Utah.   Some  additional  high  residual  impacts  to  views 
from  State  Highway  6/50  where  Links  490  and  500  parallel  the  this  highway  within  one- 
quarter  mile.   In  addition,  a  one-half  mile  area  of  high  residual  visual  impacts  is  expected  to 
result  at  the  crossing  of  State  Highway  21  by  Link  451. 

Recreation  Viewer  Impact  Summary 

Similar  to  residential  impacts,  high  impacts  to  views  from  recreation  viewpoints  are  found 
where  strong  visual  contrasts  occur  in  the  0  -  1  \4  mile  proximate  visibility  distance  zone  and 
up  to  one-half  mile  in  the  high  visibility  distance  zone.   High  impacts  to  recreation 
viewpoints  were  initially  minimized  during  the  regional  study,  where  the  study  corridors 
were  sited  to  avoid  park,  recreation,  and  preservation  areas.   Residual  high  impacts  are 
described  in  this  section  by  state.   Refer  to  the  Data  Tables  for  detailed  documentation  of  the 
visual  impacts  assessed  for  recreation  viewpoints  for  the  study  corridors. 


Idaho 

High  residual  impacts  are  expected  to  the  Minidoka  Relocation  Center  interpretive  site  for 
about  one  mile  of  Link  20.  Photosimulations  of  this  area  were  produced  to  portray  these 
impacts.  The  only  other  recreation  viewpoints  with  potentially  high  residual  impacts  are 
located  adjacent  to  the  Hagerman  Fossil  Beds  National  Monument.   Viewpoints  for  four 
proposed  visitor  center  locations  were  studied  to  determine  the  potential  impacts  of  Links  63 
and  64  on  views  from  this  site.  These  links  would  both  result  in  high  residual  impacts  to 
views  from  any  of  the  alternative  visitor  center  locations. 
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Nevada 

High  residual  impacts  to  recreation  viewpoints  in  Nevada  occiir  primarily  at  recreation  areas 
and  campgrounds.  Views  from  Magic  Hot  Springs,  a  privately-owned  recreation  area,  and 
an  existing  BLM  campgroimd  would  be  impacted  by  new  transmission  line  construction 
along  Links  81  and  82.   About  three-quarters  of  a  mile  of  high  residual  impacts  are  expected 
near  the  Magic  Hot  Springs  recreation  area.   Link  460  passes  adjacent  to  BLM's  proposed 
Weaver  Creek  campground /picnic  area  and  would  potentially  result  in  high  residual  impacts 
to  views  from  this  recreation  area.   Potentially  high  residual  impacts  are  also  expected  to 
occur  for  approximately  18-20  miles  along  the  proposed  Kane  Springs  Backcountry  Byway. 
This  scenic  byway  is  crossed  and  paralleled  by  Link  680. 


Utah 

No  high  residual  impacts  are  expected  for  recreation  viewpoints  in  Utah. 

VRM/VQO  Compliance 

The  section  describes  the  areas  there  visual  contrast  are  not  expected  to  comply  with  agency 
visual  management  objectives.   Refer  to  the  Data  Tables  that  accompany  this  report  for  a 
detailed  description  of  VRM/VQO  compliance  for  the  study  corridors. 

Idaho 

Visual  contrasts  in  the  vicinity  of  recently  desigiiated  Hagerman  Beds  National  Monument 
would  not  comply  with  the  VRM  Class  I  designation  of  this  area.  Rerouting  one  mile  of  Link 
64  where  it  crosses  the  edge  of  the  monument  would  resolve  this  conflict. 

Two  one-quarter  mile  areas  where  Link  64  crosses  Salmon  Falls  Creek  Canyon  would  not  to 
comply  with  the  VRM  Class  I  designations  in  this  canyon.   Links  40,  61,  and  64  would  result 
in  strong  and  moderate  visual  contrasts  along  portions  of  the  Snake  River  Canyon,  Salmon 
Falls  Creek,  and  Rock  Creek  that  would  not  comply  with  the  VRM  Class  U  designations  of 
these  areas. 


Nevada 

Link  70  affects  five  miles  of  the  areas  associated  with  Salmon  Falls  Canyon  and  Rock  Creek 
where  the  visual  contrasts  would  not  comply  with  the  VRM  Class  I  designations  of  these 
areas.  Strong  and  moderate  visual  contrasts  in  areas  that  would  not  comply  with 
designations  of  VRM  Class  n  include: 
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•  crossings  of  the  Interstate  80  designated  low  visibility  corridor  by  Links  170,  180, 
211,  222,  and  223  for  at  least  three  miles  along  each  link 

•  three  areas  traversed  by  Link  361  for  distances  of  10,  7,  and  6  miles  in  the  areas  of 
Jakes  Wash,  Steptoe  Valley,  and  Cattle  Camp  Spring,  respectively 

•  several  areas  crossed  by  Links  151,  165, 166,  1611  and  320,  each  affecting  at  least 
one  mile,  and  Links  164,  160,  and  340  which  cross  one-quarter  mile  or  less  of  VRM 
Class  II  areas 

•  areas  located  in  the  Pahranagat  Wash  area  crossed  by  Link  690 


Utah 

Visual  contrasts  along  the  study  corridors  in  Utah  comply  with  the  VRM  Class  designations 
identified  in  the  inventory. 

Substation  and  Series  Compensation  Station  Siting  Areas 
Idaho 

No  substation  and  series  compensation  station  siting  areas  are  proposed  for  Idaho. 

Nevada 

No  high  residual  impacts  are  expected  for  viewpoints  with  visibility  of  the  Thousand  Springs 
and  Goshute  Valley  series  compensation  station  siting  areas,  or  the  North  Steptoe  and 
Robinson  Summit  substation  siting  areas. 

U.S.  Highway  93  Series  Compensation  Station  Siting  Area  -  The  construction  of  a  series 
compensation  station  in  this  siting  area  could  potentially  result  in  high  residual  impacts  to 
views  from  four  residences. 

Hercules  Gap  Substation  Siting  Area  -  The  construction  of  a  substation  in  this  siting  area 
could  potentially  result  in  high  residual  impacts  to  views  from  residences  in  a  new 
subdivision  located  in  this  siting  area. 

Dry  Lake  Substation  Siting  Area  -  The  construction  of  a  substation  in  this  siting  area  could 
potentially  result  in  high  residual  impacts  to  views  from  the  Old  Spanish  Trail/Mormon 
Road.   Construction  of  this  siting  area  could  also  potentially  result  in  moderate  residual 
impacts  to  views  from  Interstate  15. 
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Utah 

No  high  residual  impacts  are  expected  for  viewpoints  with  visibility  of  the  Smelter  Hills  and 
Sevier  substation  siting  areas 

Intermountain  Substation  Siting  Area  -  The  construction  of  a  substation  in  this  siting  area 
could  potentially  have  high  residual  impacts  to  views  from  residences  that  are  associated 
with  the  existing  Intermountain  Generating  Station  facility. 

VRM/VQO  Compliance  for  Substation  and  Series 
Compensation  Station  Siting  Areas 

Idaho 

This  project  proposes  no  substations  or  series  compensation  siting  areas  in  Idaho. 

Nevada 

Visual  contrasts  in  the  Thousand  Springs  series  compensation  station  siting  area,  and  the 
North  Steptoe,  Robinson  Summit,  and  Hercules  Gap  substation  siting  areas  would  comply 
with  VRM  Class  designations  inventoried  in  these  areas. 

U.S.  Highway  93  Series  Compensation  Station  Siting  Area  -  Strong  and  moderate  visual 
contrasts  in  about  19  square  miles  of  this  siting  area  would  not  comply  with  VRM  Class  n 
designations  in  this  siting  area. 

Goshute  Valley  Series  Compensation  Station  Siting  Area  -  An  area  of  two  square  miles 
would  not  comply  with  a  VRM  Class  n  designation  in  this  siting  area. 


Utah 

Smelter  Hills,  Sevier,  and  Intermountain  substation  siting  areas  would  comply  with  VRM 
Class  designations  inventoried  in  these  areas. 


Microwave  Facilities  Sites 

As  microwave  facilities  are  typically  located  on  high  points,  visual  impacts  can  be  expected. 
However,  because  most  proposed  microwave  sites  are  not  visible  from  sensitive  viewpoints 
or  are  located  at  sites  with  existing  facilities,  visual  effects  are  expected  to  be  minimal. 
Several  residences  would  be  able  to  view  the  Hanson  Butte  site  near  Twin  Falls,  Idaho  and 
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Spruce  Mountain  site  adjacent  to  Ely,  Nevada  from  a  distance  of  less  than  one  mile. 
However,  because  both  of  these  sites  have  existing  facilities,  impacts  are  expected  to  be  low. 
Also  refer  to  Table  VR-9. 
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TABLES 


TABLE  VR-1 

BLM  Visual  Resource  Management  Classes  and  FS  Visual 

Quality  Objectives 


VRM 

Class  I: 

This  class  provides  primarily  for  natural  ecological 
changes;  however,  it  does  not  preclude  very  limited 
activity.  Any  contrast  created  within  the 
characteristic  environment  must  not  attract  attention. 


VQO 

Preservation: 

Management  activities,  except  for  very  low  visual 
impact  recreation  facilities,  are  prohibited.  This 
VQO  allows  for  only  "ecological"  changes.  This 
management  objective  applies  to  wilderness  eireas, 
primitive  areas,  other  special  classified  areas,  and 
some  unique  management  units  that  do  not  justify 
other  special  classification. 


Class  II: 

Changes  in  any  of  the  basic  elements  (form,  line, 
color,  texture)  caused  by  a  management  activity 
should  not  be  evident  in  the  characteristic  landscape. 
A  contrast  may  be  seen  but  should  not  attract 
attention.  It  is  important  to  note  that  Wilderness 
Study  Areas  (WSAs),  considered  to  be  Class  II  by  the 
BLM,  had  not  been  identified  when  the  original  BLM 
visual  analysis  was  completed. 


Retention: 

Management  activities  must  not  be  visually  evident 
to  the  casual  forest  visitor.   Modifications  must 
repeat  form,  line,  color  and  texture  found  in  the 
surrounding  natural  landscape. 


Class  III: 

Contrasts  to  the  basic  elements  (form,  line,  color, 
texture)  caused  by  a  management  activity  may  be 
evident  jmd  begin  to  attract  attention  in  the 
characteristic  landscape.   However,  the  changes 
should  remain  subordirute  to  the  existing 
characteristic  landscape. 


Partial  Retention: 

Modifications  may  be  visually  evident,  but  must  be 
integrated  into  and  visually  subordinate  to  the 
surrounding  landscape.   Activities  may  introduce 
form,  line,  color  and  texture  not  common  in  the 
surrounding  landscape,  but  they  should  not  attract 
attention. 


Oass  IV: 

Contrasts  may  attract  attention  and  be  a  dominant 
feature  of  the  landscape  in  terms  of  scale;  however, 
the  change  should  rep>eat  the  basic  elements  (form, 
line,  color,  texture)  inherent  in  the  characteristic 
landscape. 


Modification: 

Management  activities  may  visually  dominate  the 
surrounding  nature^  landscape;  however,  they  must 
repeat  the  naturally  established  elements  of  form, 
line,  color  emd  texture  to  appear  compatible  with 
the  natural  surroundings. 


Class  V: 

No  longer  used  (VRM  1986). 


Maximum  Modification: 

Modifications  may  visually  dominate  the 
surrounding  natural  landscape,  yet  when  viewed 
from  background  distance,  activities  must  appear  as 
natural  occurrences  within  the  landscape. 
Alterations  in  foreground  and  middleground  views 
may  be  out  of  scale  or  introduce  visual  elements 
not  found  in  the  natural  landscape. 
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TABLE  VR-2 

Variety  Class  Criteria 

Variety  Class  A  (Distinctive) 

Landf orm  Characteristics:   Terrain  is  highly  varied  and  distinctive  - 

With  such  features  as  large  playas,  volcanic  cones,  volcanic  necks,  unique  lava  flows,  edges 
of  prominent  lava  flows,  gypsum  sand  dunes,  craggy  mountain  peaks,  badlands,  and/or 
sharp  jagged  ridges. 

Or  with  isolated  mountain  peaks,  domes,  or  tablelands  with  distinctive  form  and  color 
contrast  that  become  focal  points. 

Or  with  valleys  or  canyons  with  vertical  or  near  vertical  walls,  and/or  unusual  configuration 
or  colors. 

Or  with  escarpments,  cliffs  or  talus  slopes  that  dominate  the  surrounding  landscape  because 
of  their  scale,  color,  and/or  texture. 

Vegetation  Characteristics:  Vegetation  is  highly  varied  and  distinctive  - 

With  subalpine  and  montane  coniferous  forest,  deciduous  forest,  riparian  deciduous  forest,  or 
mountain  meadow  grassland  that  exhibit  the  normal  range  of  sizes,  forms,  colors,  textures, 
and  spacings. 

Or  with  pifion-juniper  woodland  combined  in  strongly  defined  patterns  with  plains 
grassland. 

Or  with  oak-pine  woodland,  piflon-juniper  woodland,  or  aspen  stands  combined  in  strongly 
defined  patterns  with  riparian  deciduous  forest  and  woodland,  plains  or  desert  grassland, 
desert  pavement,  and/or  rockland. 

Or  with  montane  coniferous  forest  combined  in  strongly  defined  patterns  with  deciduous 
forest,  mountain  meadow  grassland,  and /or  rockland. 

Or  with  dramatic  display  of  seasonal  color. 
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Table  VR-2  (Continued) 
Variety  Class  Criteria 

Waterform  Characteristics:  Consists  of  - 

Reservoirs,  lakes  and  perennial  watercourses. 

Or  interrupted  watercourses  that  have  unique  features  such  as  falls,  rapids,  cascades,  and/or 
pools  during  their  flow  season. 

Or  wetlands  such  as  saline  (alkali)  marshes,  seasonally  flooded  basins  or  flats,  fresh 
meadows,  fresh  marshes  or  bogs. 

Variety  Class  B  (Common) 

Landform  Characteristics:  Terrain  is  moderately  varied  - 

With  broad  slopes  that  may  be  steep  but  stable,  or  valleys  and  basins  that  are  not 
dramatically  defined  by  adjacent  landforms. 

Or  with  mountain  peaks,  domes,  small  volcanic  cones,  tablelands,  ridges,  and  rounded  hills, 
which  are  not  visually  dominant  and  are  surrounded  by  similar  landforms. 

Or  with  canyons  and  drainages  that  lack  distinctive  configuration  or  colors. 

Or  with  features  such  as  bluffs  or  groups  of  boulders  that  are  subordinate  to  the  landscape. 

Vegetation  Characteristics:   Vegetation  is  moderately  varied  - 

With  oak-pine  woodland,  shrub  oak  woodland,  pifion-juniper  woodland,  or  montane 
coniferous  forest,  that  exhibit  the  normal  range  of  sizes,  forms,  colors,  textures  and  spacings. 

Or  with  Great  Basin  desert  scrub,  desert  grassland,  plains  grassland,  or  interior  chaparral 
combined  with  riparian  deciduous  woodland  in  patterns  that  offer  some  visual  relief. 

Or  with  pifton-juniper  woodland  or  oak-woodland  combined  in  strongly  defined  patterns 
with  plains  grassland. 

Or  with  subtle  seasonal  color  contrasts. 

Waterform  Characteristics:   Waterform  consists  of  - 

Interrupted  watercourses  or  interrupted  watercourses  that  have  unique  features  such  as  falls, 
rapids,  cascades,  and/or  pools  during  flow  season. 

Ponds  and  perennial  watercourses  with  flows  less  than  10  cfs.  (cubic  feet  per  second)  that 
have  no  unique  features. 
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Table  VR-2  (Continued) 
Variety  Class  Criteria 

Variety  Class  C  (Minimal) 

Landfonn  Characteristics:   With  vast  expanses  of  rolling  or  slightly  dissected  landform  that 
provide  little  illusion  of  spatial  definition  or  landmarks  with  which  to  orient.   These  expanses 
may  be  sloping  but  relatively  lacking  in  visual  interest  in  comparison  to  the  other  landforms 
in  the  character  subtype. 

Vegetation  Characteristics:  With  extensive  areas  of  similar  vegetation  such  as  Great  Basin 
desert  scrub,  desert  grassland,  or  plains  grassland  that  have  very  limited  variation  in  color 
and  texture. 

Waterform  Characteristics:   Interrupted  and  ephemeral  water  courses. 
Or  absent. 


Source:  The  Visual  Management  System  (FS,  1974) 
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TABLE  VR-3 


Scenic  Quality /Variety  Class  Definitions 


BLM  Scenic  Quality  Classes 
Class  A: 

Outstanding  areas  where  characteristic 
features  of  landform,  rock,  water,  and 
vegetation  are  distinctive  or  unique  in  the 
context  of  the  surrounding  region.   These 
features  exhibit  considerable  variety  in 
form,  line,  color,  and  texture. 


FS  Variety  Classes 
Class  A: 

Areas  where  features  of  landform, 
vegetation  patterns,  water  forms,  and  rock 
formations  are  of  distinctive  or  unusual 
visual  quality.   These  features  exhibit 
considerable  variety  in  form,  line,  color,  and 
texture. 


Class  B: 

Above  average  areas  in  which  features 
provide  variety  in  form,  line,  color,  and 
texture  and,  although  the  combinations  are 
not  rare  in  the  surrounding  region,  they 
provide  sufficient  visual  diversity  to  be 
considered  moderately  distinctive. 


Class  B: 

Areas  where  features  contain  variety  in 
form,  line,  color,  and  texture  or 
combinations  thereof,  but  which  tend  to  be 
common  throughout  the  character  types  and 
are  not  outstanding  in  visual  quality. 


Class  C: 

Common  areas  where  characteristic  features 
have  little  variation  in  form,  line,  color,  or 
texture  in  relation  to  the  surrounding 
region. 


Class  C: 

Areas  with  very  little  or  minimal  variety,  if 
any,  in  form,  line,  color,  and  texture. 


1  of  1 


e25 
> 

pa 
< 


X 

u 

i^ 

c 

•  ^^ 

o 

^■^ 

•  ^H 

fC 

■J-* 

D 

03 

a 

3 

(H 

> 

c  w 

0) 

TJ 

c/i 

C 

pa 

o 

c 

0) 

> 

c 

o 

CD 


"5 

9  t;  «5  -2  S  bb 
^0*=  o  ^  %2i  •§ 

2  a  -"  «  5  »- 
V  IS  s^  &^  «  o 


c 
re 

to 

Ol 

re 

«ft 

C 

re  —J 

o 

o 

re 

£ 

C 

o 

u 

2i 

a* 
c 

O 

H 

e  and  s 
;  or  det 

c 
re 

C 

c 

tJJD 
O 

u 

c 
o 

c 
re 

c 

i 
1 

s. 

"re 

'55    £ 

2 

(A 

to 

O 

c 
re 
c 

o 

u 

3 

1 

2 

C 
"35 

2 

ariety 
fland 

2 
^2i 

2 

a5 

^ 

T3 

a» 

>  o 

TJ 

>^ 

*^  «•. 

1 

re 

?,  - 

1-1 

0^   Xi 

2  S 

> 

.S 

O 

c 

en 

c 

re 

_o 

o  c 

Va 

i-i 

o 

*-» 

^J'    -fc-i 

c 

re 

c  o 

o 

o 

0) 

q3  c 

^-f 

u 

to 

a; 

tf5    j_, 

<  JO 

J 

o 

> 

C    V- 

<u 

o  .9^ 

a- 

o  S 

'■C    re 

2  £ 

c  ^ 

<"  Z^ 

*-  T3 

to  o 

^  £ 

CD 

**"   ha 

=3"   '^ 

O    o 

1   - 

>^    QJ 

*"      r- 

•c  ° 

»-    .£ 

5^ 

^« 

c 

C     c 

Some 
but  0 

Cl, 

Flovvi 
domi 

ITi 


re    Qi  u« 

Of    g  ^ 

to  *i  ■" 

*>    C  S 

>  .=  O, 

"o-£'g 

«  2  3 


f*i 


Mm 
O 


'•2   •"  jj 
a,    re    c 

•c  •-  § 

^^      *—      ^^ 

Cl  to  re 

^^  2  a; 


in 


C 
re 


0) 


JS     "5 


U 


o  <u 

>.£ 

^  i.£ 


0) 

o 


o 


60 


0) 


o 

w 
CD 

13 


ra 

X, 

u 

c 
> 

W 

T5 

C 
re 


C2: 


«>■  tft  QJ 

S  «  u.  fi 

ri  C  Q^  3 

3  .2  c  c 

/5  x;  .s  c 


C/5 


"So  c 

§  «  2  .£ 

>  2  <i^  P 

O    c  Oi    o 

■§  c  ^  I 


fr> 


^  (/5  "*  j->    ^M 

C  k.  u  3    <u 

S  S  -^  g  g 

o  c  o  2  w 

C/5  .S  Oi  *-    * 


(A 


•c 

re 

> 

c 
,o 

re 

c 


o 
u 


o 
u 

X, 
u 


o 
u 

'> 
'> 


^-1 

•S  c 

tft    o 

TO    iS 

c  w> 

O    4> 
u    > 


(U 

o 

c 

c 

u 

Vm 

ifi 

O 

>  .ti 

o  cr 

fj  re 
C    3 


<^.£    re 


re 

T3  2 

a;  2 

S  ^ 

b^  o 

.w  (A 

u  c 

-  re 


f^ 


re 


re 


i/i        'S 


« 

0) 

u 

c 

re 

X 

C 

ai 

>, 

^-ii 

re 

(U 

ba 

bO 

b 

a> 

^ 

c 

5^ 

04 

^-^ 

u 

^ 

«i 

re 

^-( 

3 

c 

cr 

.52. 

"re 

3 

73 

.25 

< 

> 

in 


.s 


X,        "^ 


^    3 

>  X 


lfi.i 

C  ^^    re  X 
)— I  .1-1  Mm  4-> 


O) 

g 

o    £ 

o  o 
X  ■" 


c 
o 

'5b 

O) 


V  re    ^ 

c'^  S 

.S    ■«   'd 

.w   re  •£ 


c 

•£ 

^ 

i 

"re 

S 

3 

2 

C 

3 

^ 

^1 

01 

ol 

> 

.  ^ 

^1 

T3 

ol 

C 

2 

^ 

3 

re 

re 

VkM 

k> 

O 

o 

0) 

£ 

c 

01 

O 

£ 

I' 2 


c^ 


o 


^-  o 
o  c 

'*-  T3 

O)  :s 

u  > 

C  > 

TO  i_i 

•^1    . 

_  ^    u 

o    g    a; 

O    bO 

.2  ^-^ 

C    o»    > 


* 

+ 

in 


Ol 


c 

TO 

o 

y 

& 

Tf 

U 

c< 

1 

> 

c)^ 

X 

s 

TO 

J 

H  CO 

re 

> 


U 


3   re 


£< 


t 


o 


6q 
c 


<u 


2i  -  ^  -c   .  "S 


X. 

u 

c 

'•4-1 

> 
u 

•T3 
C 
«0 


c 

> 
c 


•S7 


c 
o 

3 

U 

a 

1 

> 

c)^ 

15 

s 

ro 

J 

H  CO 

(A 


<0 

■2  .2  1 


<« 


13  ^    tfi  "p 

-    5Q    »-    S 
O    o 


§  §  .y  ^  I  5 
"5   o  u  o  2  -2 


C 
o  ^ 

3 

.—  5  '> 


^T*        f    I 


c 
at 

HI 

TO 


T3 
O 

£ 


n 

1-1 
re 

X. 


^  ii 


*j     J_j    I^     *^ 

3    0)  T3    nJ 
CT  C    ro    > 


CA 

c 

S  i2 
£  'Ja 


s 


2  8 

tu   o 


«  -c 

o    > 

.y  3 

^  .23 

-a    > 

£  *- 

«A    2 

§^ 

.5^ 


N 


1  ^ 
u  S 


•i< 

S  II 
w  < 


00 


C^J 


II  II 

CD  U 


.    00 
C   ON 

.2  ^ 

li 

ca  to 
•js  3 

1  s 

•r   fo 

"^  ^.^ 

^  re 

^-» 

C   o 
■d  U 

§-- 

■"  b 

^  c 

tA    4; 
3     > 

££ 

3    C 

c  6 
53  Ol 

>     60 

•5b  S 

£  <" 

re   u 

-  i 
-I 

k.    re 

<y     3 


O  -) 

60» 
c    .. 

2  - 

<  o 
*    en 


o 


Ift 


H 

^ 

^ 


«n 

«£ 

fi 

•  •"4 

CD 

£     S 

es 

< 

< 

< 

< 

u 

0 

n 

PQ 

PQ 

0 

n 

n 

1    J 

Soo 

0 

O    1    o 

*« 

OiCflfH 

3 

T-liHiH 

©• 

v 

II     II     II 

v 

£ 
0 

1-^ 

© 

© 

1-H 

^ 

t« 

CD 

eo 

•^ 

CD 

10 

eo 

•<mo 

*fl 

e^ 

C^ 

M 

C^ 

^ 

1^ 

1-1 

i^ 

^H 

1^ 

0 

cc 

u 

CO 

OS 

fl 

^  0 

£i 

3  g 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

s*- 

"1 

S 

•P4 

2 

•"J- 

■«t 

CO 

M 

l-H 

»-i 

CO 

1-H 

M 

»-H 

CO 

w 

1 

^ 

•l-H 

B^ 

CQ^ 

oS 

bti 

« s 

»-t 

c^ 

»H 

n 

0 

0 

0 

(M 

CO 

(N 

CO 

0 

fl 

Co    (J 

Ph   cS 

s^S 

10 

« 

■^ 

n 

1— 1 

i—{ 

CO 

CO 

CO 

l-H 

CO 

■t 

+^,1:5 

0 

=3" 

3  a; 

h 

^s- 

Qi 
OS 

« 

id 

10 

la 

0 

0 

la 

0 

0 

0 

0 

(N 

^ 

0)  C 

t3 

,y    CC 

0 

^^ 

5 

Tf 

»H 

M 

^ 

»H 

CO 

C4 

CO 

w 

t-t 

w 

CO 

u 

4) 

,0 

M 

Ch 

^ 

s 

t2 

•* 

»o 

10 

■* 

«H 

CJ 

CO 

•^ 

■^ 

t-l 

■^ 

■<r 

U 

en 

S 

3 

^ 

^, 

^ 

0 

Oi 

^ 

ape  Charai 
ting  Units 

'a 

CO 

c 

.2 
.  'C 
'  to 

C.2- 
0  fc. 

0 

Q 

do 
1 

^ 

C 

s 

c 

3 
0 

B 

1 

1 

3 

2 

CO 

to 

Q 

c 
0 

c 

CQ 
0 

IS 

a 

2 

u  2 

Oi  a> 
>  a> 

Ut3 

a>  0 
>  a 

"1 
II 

Is 

C 

'5 

1 
1 

1 

1 

0 

1 

0 

1 

0 

3 
PQ 

1 

l-H 

*» 

eo 

^ 

U5 

CD 

t» 

« 

0) 

© 

1^ 

C<1 

O 


» 

"■■■"^ 

w 

ce 

V) 

o 

u 

n 

O 

u 

0 

n 

< 

U 

0 

0 

>. 

•«d 

-a 

3 

O" 

a» 

u 

•  ^ 

hi 
o 

0) 

0) 

10 

iH 

^ 

t» 

t» 

05 

0 

CO 

00 

fl 

o 

g 

en 

cc 

« 

0 

•«.2 

Is 

o 

o 

O 

o 

0 

0 

0 

0 

0 

0 

0 

sg 

o-o 

S 

*P>4 

ii 

CO 

1-H 

CO 

1—1 

1-H 

CO 

■* 

•^ 

(N 

0 

0 

1^ 

^5 

o 

■^ 

o 

o 

(N 

0 

efl 

•^ 

CO 

CO 

<N 

^1 

h 

o 

"S 

«-H 

«-H 

Tf 

1-1 

1-H 

wi 

CO 

CO 

1-H 

1-H 

1-H 

1— 1 

O 

o 

o 

0 

0 

ta 

0 

CO 

0 

CO 

^ 

^ 

a 

o 

•IS 

^ 

5 

CO 

•-( 

CO 

1-H 

N 

1-H 

CA 

CO 

0 

1-H 

r^ 

u 

t« 

a 

Jl> 

-4J 

> 

CO 

tH 

CO 

X 

s 

O 

a 

% 

1-4 

o* 

ta 

1—1 

1-H 

csi 

f-< 

»o 

1-H 

•H 

1-H 

CO 

a 

CO 

5 

§ 

)J] 

u 

u 

-o 

a 

S 

^ 

VR-5  (continued) 
;  Quality  Ratings 

Landscape  Charj 
Ratings  Unit 

1 

c 

03 

ca 

3 

1 
1 

00 

C 

c 

3 
O 

o 
CO 

1 

Wash/Bottomland 
(some  riparian) 

w 

§ 

Q 

-a 

c 

CO 
CO 

0) 

3 

CO 

1 

c 

C 
3 
0 

0) 

CO 

Oi 

Q 

-4.> 

cn 

1 

C8 

i 

CO 

K 

u 

Table 
Sceni 

05^ 

35 

05 

1H 

00 

1-H 

S 

l-H 

P4 

^ 

S 

(M 

c«i 
O 


Mr:  -. 


Table  VR-6 


Cultural  Resource  Viewpoints 


PANEL 


GISID 


SITE  TYPE 


SENSmVITY 


102  Historic  Structure-Lava  Rock  Milk  House  M 

103  Historic  Structure-Malad  Powerhouse  M 

104  Area  containing  site  w/historic  burials  H 
156  Historic  Oregon  Trail  H 
901             National  Register  Site-Historic  Minidoka  H 

Japanese  Relocation  Center 

1601  Historic  Structure-Stone  Bam  M 

2701  Area  containing  a  Historic  Structure  M 

Residence  Historic 

23034  Natl.  Reg.  Building  Spencer  House  &  Garage  H 
Nelson  Bam 

23035  Natl.  Reg.  Historic  Building-Goff  House  H 

23036  Natl.  Reg.  Historic  Building-Bower  House  H 

23037  Natl.  Reg.  Historic  Building-Rehrer  House  H 


2 
2 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


1001  Historic  California  Trail  The  Meland  Co. 

1512  Area  containing  Historic  Railroad 

Siding/Station 
1526  Historic  California-Immigrant  Trail 

and  Alternative 
1804  Prehistoric  Antelope  Trap/Lithic  Scatter 

1914  National  Register  Historic  District  with 

Historic  and  Prehistoric  Sites 
2005  Area  containing  site  with  a  Historic 

Trail  Marker 
2308  Historic  Railroad  Siding/Station 

2311  Indian  Burial  Grounds  of  unknown  age 

2513  Prehistoric  Antelope  Trap 

2706  Historic  Railroad  Siding /Station 

3004  Historic  Trail  -  Hasting  cut-off 

3102  Historic  Railroad  Siding/Station 

3402  Historic  Cemetery 

3404  Historic  Railroad  Siding/Station  &  Town 

3601  Historic  Railroad  Siding /Station 

3605  Prehistoric  Antelope  Trap 

11603  Ethnohistoric  Antelope  Trap/Game  Drive 

11604  Antelope  Trap  of  unknown  age 


H 

M 

H 

H 
H 

H 

M 
H 
H 
M 
H 
M 
H 
M 
M 
H 
H 
H 
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Table  VR-6  (Continued) 
Cultural  Resource  Viewpoints 


PANEL 

CIS  ID 

Sll'H  TYPE 

SENSITIVITY 

2 

12701 

Prehistoric  Antelope  Trap 

H 

2 

12702 

Historic  Railroad  Siding /Station 

M 

2 

28165 

Ethnohistoric  Western  Shoshone  Habitation 
Site 

M 

2 

28186 

Ethnohistoric  Western  Shoshone  Habitation 
Site 

M 

2&3 

28079 

Ethnohistoric  Western  Shoshone  Habitation 
Area 

M 

2&3 

28081 

Ethnohistoric  Western  Shoshone/Southern 

M 

Paiute  Habitation  Area 

M 

3 

6406 

Area  containing  a  Historic  Ranch 

M 

3 

6407 

Historic  Railroad  Siding/Station 

M 

3 

6410 

Historic  Pony  Express  Trail/Lincoln 
Highway 

H 

3 

6603 

Ruins  of  unknown  age 

M 

3 

6803 

Area  containing  a  Historic  Abandoned 
Homestead 

M 

3 

7813 

Historic  Osceola  Ditch 

M 

3 

9806 

Historic  Pony  Express  Trail 

H 

3 

28073 

Ethnohistoric  Western  Shoshone /Southern 

M 

Paiute  Habitation  Area 
28078  Ethnohistoric  Western  Shoshone/Southern 

Paiute  Habitation  Area 
28080         Ethnohistoric  Goshute  Ritual  Gathering  Area 


M 
M 


4 

20201 

4 

28010 

4 

24012 

Historic  Dam 

Ethnohistoric  Goshute  Habitation  Area 
National  Register  Prehistoric  Desert 
Petroglyph  Panel 


M 
M 
H 
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TABLE  VR-7 


Viewpoints  and  Viewer  Sensitivity  Analysis 


VIEWPOINTS 

Residents/Communities 

Residences 

Rural  Communities 

Urban  Areas 


User 
Attitude 


H 
H 
H 


Use  Overall 

Volume   Sensitivity 


L 

M 
H 


H 
H 
H 


Travel  Routes 

Interstate  Highway 
U.S.  Highway 
State  Highway 
U.S.  Scenic  Highway 
Success  Loop  (Scenic  Route) 
Recreation  Access  (GBNP) 
Recreation  Access 
Proposed  Horse  &  Cattle  Camp 
Backcountry  Byway 


L 

H 

M 

M 

M 

M 

M 

M 

M 

H 

M 

H 

H 

M 

H 

H 

M 

H 

H 

L 

H 

H 


H 


Parks  and  Recreation 

Cave  Lake  State  Recreation  Area 
Ward  Charcoal  Oven  State  Park 
Malad  Gorge  State  Park  Visitors  Center 
Malad  Gorge  State  Park 
Balanced  Rock  State  Park 
Hagerman  Fossil  Bed  National 

Monument  Proposed  Visitors  Center 
Hagerman  Fossil  Bed  National  Monument 
Great  Basin  National  Park  Interpretive  Site 
Mahogany  Overlook  (GBNP) 


H 

M 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

M 

H 

H 

M 

H 

H 

M 

H 

H 

H 

H 

H 

H 

H 

H  =  High 

M  =  Moderate 

L  =  Low 

GBNP  =  Great  Basin  National  Park 
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TABLE  VR-7  (continued) 

Viewpoints  and  Viewer  Sensitivity  Analysis 

User  Use  Overall 

VIEWPOINTS  Attitude  Volume   Sensitivity 


NRHP  =  National  Register  of  Historic  Places 

Lehman  Creek  Overlook  (GBNP) 
Lehman  Cave  Visitors  Center  (GBNP) 
Baker  Ridge  Visitors  Center  (GBNP) 
Wheeler  Peak  (GBNP) 
Existing  BLM  campground /picnic  area 
Proposed  BLM  campground /picnic  area 
Minidoka  Relocation  Center  (NRHP) 
Minidoka  Relocation  interpretive  site 
Topaz  Relocation  Center 
Private  recreation  development 
Rest  area /wayside 
Golf  course 

Wild  horse  viewing  area 
Boat  landing 
View  reorientation  point 
Fairgrounds 
Blue  Mass  Scenic  Area 
Proposed  Arrow  Canyon 
Interpretive  Trail  H  L  H 


H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

M 

H 

H 

M 

H 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

M 

M 

M 

M 

M 

M 

M 

L 

M 

L 

H 

M 

M 

M 

M 

M 

M 

M 

H 

M 

H 

H  =  High 

M  =  Moderate 

L  =  Low 

GBNP  =  Great  Basin  National  Park 

NRHP  =  National  Register  of  Historic  Places 
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TABLE  VR-8 

Visual  Resource  Inventory  for  Substation  and 
Series  Compensation  Station  Siting  Area 


VRM 

LANDSCAPE 

SCENIC 

SITING  AREA                 CLASS 

RATING  UNIT* 

QUALITY     VIEWPOINTS 

IDAHO 

None 

NEVADA 

SERIES  COMPENSATION  STATION 

U.S.  Highway  93 

II,ffl,IV 

12,14,18 

Class  B 
Class  C 

U.S.  Highway  93 
Interstate  80 

Thousand  Springs 

IV 

14,19,21,22 

Class  C 

Goshute  Valley 

IV 

14 

Class  C 

State  Highway  233 

SUBSTATION 

North  Steptoe 

m 

21 

Class  C 

U.S.  Highway  93 

Robinson  Summit 
Hercules  Gap 

in 
in,iv 

12,20,21 

4,12,14,19 
20,21,27 

Class  B 
Class  C 
Class  B 
Class  C 

U.S.  Highway  50 

Success  Loop 
U.S.  Highway  93 

UTAH 

Smelter  Hills 

IV 

21,30 

Class  C 

Intermountain 

IV 

30 

Class  C 

Sevier 

rv 

18,21,30 

Class  C 

See  Table  VR-5  for  descriptions  of  landscape  rating  units 
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TABLE  VR-9 

Microwave  Facilities  Sites 
Visual  Inventory 


SITE  NAME 


VISUAL 
MANAGEMENT 


SCENIC 
QUALITY 


Idaho 


Hansen  Butte 

Cottonwood 

Bear 


Class  IV 
Modification* 
Class  m 


Class  C 
Class  B 
Class  B 


Nevada 

EUenD 
Rocky  Point 
Six-mile 
Proctor 
Spruce  Mtn. 
Bald  Peak 
Long  Valley 
Copper 
Raiff 

Squaw  Peak 
Cave  Mountain 
Mount  Wilson 
Highland  Peak 


Class  m 
Class  m 
Class  IV 
Class  II 
Class  m 
Class  m 
Class  IV 

Class  m/rv 

Class  IV 
Class  in 
Modification* 
Class  II 
Class  II 


Class  B 
Class  B 
Class  B 
Class  B 
Class  B 
Class  B 
Class  B 
Class  B 
Class  B 
Class  B 
Class  B 
Class  A 
Class  A 


Forest  Service  Visual  Quality  Objective  (VQO) 
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CHAPTER  7 


SOCIOECONOMICS 


CHAPTER  7 
SOCIOECONOMICS 


INTRODUCTION 
Overview 

The  socioeconomic  inventory  was  conducted  by  Dames  &  Moore  as  a  portion  of  the 
environmental  studies  for  the  proposed  Southwest  Intertie  Project  (SWIP).  This  report 
contains  the  inventory  for  the  counties  crossed  by  alternative  transmission  line  study 
corridors  and  related  facilities  siting  areas  for  Midpoint  Substation  through  Ely,  Nevada  to 
the  Dry  Lake  substation  north  of  Las  Vegas,  Nevada.   Study  corridors  from  Ely,  Nevada  to 
Delta,  Utah  were  also  considered  in  this  evaluation.  The  purpose  of  the  socioeconomic 
inventory  is  to  present  information  relevant  to  the  assessment  of  socioeconomic  impacts  in 
the  areas  affected  by  study  corridors. 

The  inventory  presents  profiles  of  the  demographic,  economic,  and  fiscal  attributes  of  the 
counties  crossed  by  the  proposed  corridors  and  facilities.   From  a  socioeconomic  perspective, 
areas  of  concern  in  transmission  line  siting  include  nearby  communities,  which  could  be 
affected  by  the  influx  of  construction  workers,  and  potentially  affected  economic  activities 
and  land  uses.   Economic  activities  of  particular  concern  include  livestock  grazing,  crop 
production,  mining,  residential  developments,  and  popular  tourist  areas. 

The  inventory  presents  an  overview  of  the  counties  crossed  by  study  corridors: 

•  Cassia,  Gooding,  Jerome  and  Twin  FaUs  counties  in  Idaho 

•  Elko,  White  Pine,  Lincoln,  Nye  and  Clark  coimties  in  Nevada 

•  Juab  and  Millard  coimties  in  Utah. 

Demographic  statistics  by  county  are  summarized  in  Tables  SE-1  and  SE-2,  county 
employment  and  personal  income  data  are  tabulated  in  Tables  SE-3,  SE-4  and  SE-5, 
population  data  for  communities  in  or  adjacent  to  the  study  corridors  are  presented  in  Table 
SE-6,  and  property  tax  rates  and  assessed  valuation  by  county  are  listed  in  Table  SE-7. 

Study  Personnel 

Ms.  Barbara  Lewis  was  the  principal  investigator  for  the  socioeconomics  studies  for  the 
SWIP.  As  a  project  economist  with  Dames  &  Moore,  Ms.  Lewis  has  conducted  socioeconomic 
analyses  for  numerous  environmental  documents  for  linear  corridor  siting  studies,  including 
the  Arizona  Interconnection  345kV  transmission  line  project,  the  Devers-Palo  Verde  #2  500kV 
transmission  line  project,  US  Sprint's  Spokane  to  Fargo  fiber  optic  project,  and  AT&T's 
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Brigham  City  to  Boise  and  Flagstaff  to  Las  Vegas  fiber  optic  projects.  Ms.  Lewis  has  a 
bachelor's  degree  in  economics  and  a  master's  degree  in  water  resources  management. 

INVENTORY 
Methods 

The  purpose  of  the  socioeconomic  inventory  is  to  develop  baseline  demographic  and 
economic  data  within  the  areas  affected  by  the  study  corridors.  The  socioeconomics  study 
addresses  all  counties  crossed  by  study  corridors. 

Data  on  the  following  principal  socioeconomic  characteristics  were  compiled: 

•  Demographic  Characteristics:   Population  levels,  trends  and  composition 

•  Economic  Characteristics:   Employment  levels  and  occupational  distributions,  and 
personal  income 

•  Fiscal  Characteristics:  Tax  rates  and  assessed  valuation 

Primary  data  sources  included  contacts  with  state  and  local  planners  and  demographers  and 
state  statistical  compendia.    A  complete  listing  of  references  is  included  at  the  end  of  this 
volume. 

Results 
Idaho 

In  Idaho,  the  lands  crossed  by  the  study  corridors  are  primarily  agricultural  and  rangeland. 
Principal  crops  include  wheat,  barley,  dry  edible  beans,  hay,  potatoes,  and  sugarbeets  (U.S. 
Department  of  Commerce,  1989).  The  largest  city  in  the  vicinity  of  the  project  is  Twin  Falls 
with  a  1988  population  of  27,540.  The  population  of  other  commimities  ranges  between  Bliss 
with  a  1988  population  of  220  to  Jerome  with  a  population  of  6,960  in  1988  (Porter,  1989). 

A  small  portion,  2.1  miles  of  Link  41,  crosses  into  Cassia  coimty.  The  largest  county  crossed 
by  study  corridors  in  Idaho,  Cassia  County  encompasses  2,560  square  miles.  With  a  1990 
population  of  19,532  population  density  in  the  county  is  approximately  8  persons  per  square 
mile  (U.S.  Department  of  Commerce,  1990).  The  1990  census  count  represents  a  slight 
increase  from  the  1980  estimate  of  19,240  but  fell  short  of  the  state's  projections  for  1990  of 
22,940  based  on  the  1980  census  Gdaho  Department  of  Water  Resources  and  Boise  State 
University,  1985). 
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Principal  employment  sectors  in  the  coimty  in  1987  were  farming,  manufacturing,  trade, 
services  and  government.  There  were  873  farms  in  the  county  occupying  a  total  of  653,525 
acres,  or  1,021  square  miles.   Agricultural  and  rangeland  occupy  approximately  95%  of 
coimty  lands  while  urban  land  represents  less  than  1  /2  percent  of  the  land  base  (U.S. 
Department  of  Commerce,  1989).   Average  annual  unemployment  in  the  county  fell  from 
8.2%  in  1980  to  7.8%  in  1988  Qdaho  Department  of  Commerce,  1990). 

Jerome  County  includes  all  or  portions  of  Links  10,  20,  30  and  61.  Jerome  is  a  small  and 
sparsely  populated  county  of  601  square  miles.   According  to  the  U.S.  Bureau  of  Census,  the 
population  of  Jerome  County  decreased  from  14,840  in  1980  to  14,600  in  1988  and  then 
increased  to  15,138  in  1990.  State  projections  based  on  the  1980  census  anticipate  an  increase 
to  18,240  in  1990  and  further  to  20,930  in  2010  (Idaho  Department  of  Water  Resources  & 
Boise  State  University,  1985).  Communities  in  or  adjacent  to  the  study  corridors  range  in  size 
from  Eden  with  a  1988  population  of  410  to  Jerome  with  almost  7,000  people  in  1988  (Porter, 
1989).   More  than  95  percent  of  the  population  is  Caucasian  Qdaho  Department  of 
Commerce). 

Primarily  an  agricultural  county,  there  were  909  farms  comprising  205,315  acres  for  an 
average  of  226  acres  per  farm  in  1987.  The  market  value  of  farm  products  sold  was  $129 
million.  Other  principal  economic  activities  revolve  around  agricultural  and  ranching 
interests  (U.S.  Department  of  Census,  1989).   Farm  employment  declined  from  1,628  in  1980  to 
1,582  in  1987,  but  still  represented  the  largest  employment  sector.   Employment  in 
construction  and  trade  sectors  also  declined  between  1980  and  1987  while  transportation, 
communications  and  pubbc  utilities,  services,  and  government  employment  increased.  There 
is  no  mining  or  lumber  activity  in  Jerome  County.   Unemployment  has  risen  from  6.3  percent 
in  1980  to  8.4  in  1988. 

Gooding  Coimty  includes  a  portion  of  Link  61 .  Similar  to  Jerome  County,  Gooding  County 
is  both  small  and  sparsely  populated.  With  a  total  land  area  of  728  square  miles,  the  average 
population  density  is  15.8  persons  per  square  mile.   From  the  1980  census  count  of  11,870, 
the  population  of  Gooding  County  declined  to  11,633  in  1990  (U.S.  Department  of  Commerce, 
1990).  State  projections  anticipate  that  the  population  would  be  17,610  in  2010  Qdaho 
Department  of  Water  Resources  and  Boise  State  University,  1985).   Communities  are  small, 
ranging  between  Bliss  with  a  1988  population  of  220  to  Gooding,  the  county  seat,  with  just 
under  3,000  people  (Porter,  1989).  While  there  are  small  populations  of  black.  Native 
American,  Asian/Pacific  Island  and  other  races,  91  percent  of  the  county's  population  is 
Caucasian  Qdaho  Department  of  Commerce,  1989). 

The  economy  of  Gooding  County  is  based  primarily  on  agriculture.   In  1987,  there  were  729 
farms  comprising  239,328  acres.  The  average  farm  size  was  328  acres.  The  market  value  of 
farm  products  sold  was  $112.7  million  (U.S.  Department  of  Commerce,  1989).   As  with 
Jerome  County,  the  principal  employment  sector  is  farming,  although  farm  employment 
declined  from  1,428  in  1980  to  1,306  in  1987.   Manufacturing,  construction  and  trade  also 
decUned  during  this  period  while  transportation,  communication  and  public  utilities,  finance, 
insurance  and  real  estate,  and  services  employment  increased.   The  annual  average 
unemployment  rate  rose  from  4.8  percent  in  1980  to  7.2  percent  in  1984  and  declined  to  5.4 
percent  in  1988  Qdaho  Department  of  Commerce,  1990). 
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Twin  Falls  County  includes  all  or  portions  of  Links  62,  63,  64,  41,  42,  43,  51,  52,  71,  72,  and 
81.  Twin  Falls  County,  with  1944  square  miles,  is  more  than  twice  the  size  of  Gooding  and 
Jerome  counties.  The  population  density  of  Twin  Falls  County  is  28.7  persons  per  square 
mile.  Approximately  half  of  the  coimt/s  residents  live  in  Twin  Falls,  which  housed  a 
population  of  over  26,209  in  1990  (Porter,  1990),  compared  with  a  county  total  of  53,580  (U.S. 
Department  of  Commerce,  1990).  State  projections  based  on  the  1990  census  anticipate  a 
population  of  more  than  74,520  by  1993  and  more  than  93,000  by  2010  (Idaho  Department  of 
Water  Resources  and  Boise  State  University,  1985).  Similar  to  its  neighbors  to  the  North,  the 
population  of  Twin  Falls  County  is  ahnost  95  percent  Caucasian,  with  relatively  small 
populations  of  other  races  (Idaho  Department  of  Commerce,  1989). 

In  1987,  the  county's  1,576  farms  accounted  for  more  than  552,000  acres  of  land,  roughly  half 
the  acreage  in  the  county.  The  market  value  of  farm  products  sold  was  $161,656,000  (U.S. 
Department  of  Commerce,  1989).  Based  traditionally  in  agriculture  and  agriculture-related 
industries,  the  economy  of  Twin  Falls  County  has  diversified  somewhat  in  recent  years  with 
new  non-agricultural  manufacturing  activities  and  the  promotion  of  tourism.   Farm 
employment,  which  declined  from  3,325  in  1980  to  2,528  in  1987,  still  represents  the  fifth 
largest  employment  sector  in  the  county.  The  largest  employment  sector,  services,  increased 
more  than  30  percent  between  1980  and  1987.  The  projected  unemployment  rate  of  4.8 
percent  for  the  county  for  1990  is  lower  than  both  the  1980  rate  of  8.39  percent  and  the  1988 
average  of  5.8  percent  (Idaho  Department  of  Employment,  1990). 

Nevada 

In  northeastern  Nevada,  the  proposed  routes  cross  through  Elko  and  White  Pine  counties. 
Most  of  the  area  is  sage  brush  with  some  mountainous  terrain  near  Ely, 

Elko  County,  located  in  the  northeast  comer  of  Nevada,  includes  all  or  portions  of  Links  71, 
72,  83,  82,  91,  92,  100,  110,  120,  130,  141,  142,  143,  144,  151,  152,  161,  162,  163,  167,  168,  166, 
167,  168,  169,  1610,  1611, 1612,  170,  180,  190,  200,  211,  212,  221,  222,  223,  224,  225,  226,  230, 
241,  and  250.  Encompassing  17,135  square  miles,  Elko  County  is  very  large  but  sparsely 
populated.  (Dn  the  average,  there  are  only  one  to  two  persons  per  square  mile  of  land.  With 
the  recent  resurgence  in  metals  mining  in  Nevada,  Elko  County  is  again  experiencing  a 
mining  boom.  The  coimty  population  has  climbed  from  17,269  in  1980  to  33,530  in  1990  (U.S. 
Department  of  Commerce,  1990)  and  is  expected  to  rise  to  46,720  by  2005  (Nevada 
Department  of  Administration,  1990).  Comprising  over  two-thirds  of  the  coimty's 
population,  the  City  of  Elko  grew  from  a  population  of  10,980  in  1986  to  14,736  in  1990. 
Approximately  85  percent  of  the  population  is  Caucasian  and  9  percent  is  Native  American 
(Anastassatos,  1990). 

In  1989,  principal  employment  sectors  in  Elko  County  were  services  (40.5  percent),  trade  (19.8 
percent),  government  (14.6  percent),  and  construction  (8.6  percent).  The  unemployment  rate 
was  5.2  percent  in  1988  (Anastassatos,  1990).   Major  influences  on  the  local  economy  include 
the  gambling  industry,  mining,  and  recreation. 
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Links  crossed  in  whole  or  in  part  in  White  Pine  County  include  241,  242,  243,  250,  260,  261, 
263,  264,  265,  266,  267,  270,  280,  291,  292,  293,  300,  310,  320,  330,  331,  332,  340,  350,  360,  370, 
380,  390,  400,  410,  420,  430,  440,  610,  and  620.  Similar  to  Elko  County,  White  Pine  County's 
history  mirrors  the  booms  and  busts  of  the  mining  industry.  In  the  late  1970s  and  early 
1980s,  the  county's  population  showed  dramatic  declines  as  a  result  of  the  closure  of  the 
Kennecott  Mine  in  1976  and  later  closure  of  the  smelter  in  1983.   Between  1970  and  1980,  the 
population  declined  21  percent  to  8,167  people.   Further  declines  brought  the  population  to 
7,560  in  1985.   More  recently,  the  population  has  increased,  with  a  resurgence  in  the  mining 
industry,  to  9,624  in  1990.   Encompassing  8,903  square  miles,  the  population  density  in  White 
Pine  Coimty  was  just  over  1  person  per  square  mile  in  1990.  With  a  1989  estimated 
population  of  5,190,  Ely  comprises  approximately  three-fifths  of  the  county  population 
(Nevada  Department  of  Taxation,  1989).  Combined  with  the  adjacent  residential 
commvmities  of  Ruth  and  McGill,  the  Ely-McGill-Ruth  area  comprises  approximately  90%  of 
the  counties  population  within  an  area  of  approximately  15  square  miles.   Population 
projections  for  the  county  vary  according  to  assumptions  about  the  mining  economy. 
According  to  the  1989  estimate  from  the  state  demographer,  the  coimt/s  population  will  rise 
to  8,400  in  1990  and  9,640  in  2005.   A  new  prison  constructed  in  the  Ely  area  has  brought  an 
additional  1,000  new  residents. 

The  primary  employment  sectors  in  White  Pine  County  are  mining  and  trade  followed  by 
services,  government,  transportation,  and  construction.   Mining  activity  is  high  at  this  time. 
Operating  mines  include  a  large  mine  in  Dry  Gulch  at  the  east  edge  of  Spring  Valley,  the 
Crystal  Queen,  and  several  smaller  mines  in  the  mountains  near  Ely.  There  is  also  high 
activity  in  claim  staking  in  the  county.  The  average  county  unemployment  rate  in  1988  was 
5.4  percent  (Anastassatos,  1990). 

Links  crossed  in  whole  or  in  part  in  Lincoln  County  include  440,  671,  672,  673,  674,  675,  680, 
690  and  700.  Lincoln  County  is  a  large  county  of  more  than  10,000  square  miles  with  a 
population  density  of  far  less  than  one  person  per  square  mile.  With  a  population  of  4,300  in 
1990,  Lincoln  County  has  the  smallest  population  of  the  counties  affected  by  the  study 
corridors  (U.S.  Department  of  Commerce,  1990).  The  county's  population  is  expected  to 
grow  slightly  to  4,440  in  1995  and  4,720  in  2005  (Nevada  Department  of  Administration, 
1990).   In  1989,  the  population  was  94  percent  Caucasian  and  1.5  percent  Native  American 
(Anastassatos,  1990).   Lincoln  County  is  primarily  agriculture-based  supplemented  by  mining 
activity.   In  addition,  the  Nevada  Test  Site  is  located  in  the  southwestern  portion  of  the 
county. 

Links  670,  671,  and  672  cross  into  Nye  County,  Nevada.  Occupying  over  18,000  square  mUes, 
Nye  Coimty  is  the  second  largest  county  in  the  United  States  in  terms  of  land  area.   Like 
Lincoln  County,  Nye  is  sparsely  populated  with  less  than  one  person  per  square  mile.  The 
county's  population  is  expected  to  rise  from  17,781  in  1990  to  19,030  in  1995  and  26,200  by 
2005  (Nevada  Department  of  Administration,  1990).   Approximately  92  percent  of  the 
population  is  Caucasian  and  2.8  percent  Native  American.  The  county  seat,  Tonopah,  had  a 
population  of  1952  in  1980  (U.S.  Department  of  Commerce,  1980).  The  only  incorporated 
town  in  Nye  County  is  Gabbs  at  the  far  northwestern  comer  of  the  county  with  a  population 
of  667  in  1990  (U.S.  Department  of  Commerce,  1990). 
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Federal  lands  comprise  approximately  93  percent  of  Nye  Coimty.   In  1988,  principal 
employment  sectors  were  mining  (34  percent),  government  (25  percent),  service  (15  percent), 
and  trade  (13  percent)  (Anastassatos,  1990).  The  Nevada  Test  Site  occupies  the  southern 
portion  of  the  county.  To  the  north,  the  primary  economic  activities  are  mining  and  tourism. 
Mining,  principally  for  gold,  presents  over  one-third  of  the  county's  total  assessed  value.  Of 
the  county's  top  ten  revenues  sources,  four  are  mining  concerns.  Tourism  is  primarily 
associated  with  the  gambling  industry.  However,  there  is  increasing  recreation  tourism  to 
the  national  forest  and  national  parks.  Of  the  counties  in  Nevada  crossed  by  study  corridors, 
Nye  had  the  lowest  per  capita  personal  income  in  1987  -  $12,870  (U.S.  Bureau  of  Economic 
Analysis,  1989),  and  the  lowest  average  unemployment  rate  in  1988,  4.6  percent 
(Anastassatos,  1990). 

Links  700,  720,  730,  740,  750,  760,  770,  780,  790,  800,  810,  820,  830  and  840  cross  into  the 
northern  portion  of  Clark  County.   Encompassing  approximately  8,000  square  miles,  Clark 
County  has  a  population  density  of  over  90  persons  per  square  mile.  The  population  of 
Clark  County  grew  for  463,087  in  1980  to  741,459  in  1990.  One  of  the  fastest  growing  areas 
in  the  county,  the  Las  Vegas  Valley,  including  Las  Vegas,  North  Las  Vegas  and  Henderson, 
accounted  for  over  95  percent  of  the  county's  population  in  1980.  In  1989,  the  county's 
population  was  81  percent  Caucasian,  10  percent  black,  and  4  percent  Asian/Pacific  Island. 

By  contrast  with  the  booming  Las  Vegas  Valley,  the  area  crossed  by  these  links  is  sparsely 
populated,  open  country.  Links  700  and  72  follow  U.S.  Highway  93  while  the  other 
approaches  cross  through  the  Moapa  Indian  Reservation.  In  1990  the  population  of  the 
Moapa  Indian  Reservation  was  375.  The  190  Native  Americans  on  the  reservation  in  1990 
comprised  51  percent  of  the  population.  In  addition,  132  individuals  (35%)  were  Caucasian,  2 
were  black  (.5%),  2  Asian  or  Pacific  Island  (.5%),  and  49  were  other  races.  Of  the  total,  45 
percent  were  of  Hispanic  origin  (U.S.  Department  of  Census,  1990).  The  Ory  Lake  substation 
siting  area  is  within  the  more  populated  area  of  the  valley,  the  North  Las  Vegas  Towi\ship 
which  had  a  population  of  89,106  in  1987  (Anastassatos,  1990). 

Much  of  Clark  County's  growth  has  been  associated  with  gambling  and  tourism.   In  1988, 
principal  employment  sectors  consisted  of  services  (46  percent),  trade  (21  percent), 
government  (11  percent),  and  construction  (9  percent)  (Anastassatos,  1990). 

In  1987,  Qark  County's  per  capita  personal  income,  $15,893,  was  the  highest  of  the  counties 
crossed  by  study  corridors  (U.S.  Bureau  of  Economic  Analysis,  1989).  The  unemployment 
rate  in  1988  was  5.4  percent  (Anastassatos,  1990). 


Utah 

In  Utah,  the  proposed  study  corridors  include  Links  267,  450,  461,  462,  470,  480,  490,  500,  510, 
520,  530,  540,  550,  560,  571,  572,  580,  590,  600,  640,  650  and  Links  610,  620,  630  in  Juab  and 
Millard  counties.  The  terrain  is  both  mountainous  and  desert. 

Prior  to  1980,  Millard  County  experienced  a  moderate  growth  rate  of  2  to  3  percent  annually. 
In  the  early  1980s,  the  Intermoimtain  Generating  Station  was  constructed,  bringing  the 
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county's  annual  growth  rate  to  10  to  20  percent.  The  population  of  the  county  increased 
from  9,050  in  1980  to  14,200  in  1985.  With  reduction  in  construction  employment  for 
Intermountain  Generating  Station,  the  population  of  Millard  County  dropped  to  11,333  in 
1990  (U.S.  Department  of  Commerce,  1990).   Most  of  the  population  of  the  county  is  centered 
in  the  10  incorporated  communities,  with  the  largest  now  being  Delta.  The  population  of 
Delta  dropped  to  2,998  in  1990  from  7,400  in  1988  (Millard  County  Growth  Management  Plan, 
1982)  as  a  result  of  reductions  in  construction  employment  associated  with  Intermountain 
Generating  Station.  The  1995  population  projection  for  Millard  County  is  13,400  (Utah  Office 
of  Planning  and  Budget,  1988). 

Prior  to  development  of  Intermountain  Generating  Station,  Millard  County  was  primarily 
agricultural  with  some  mining.   Most  of  the  agriculture  in  the  county  is  irrigated.   As  of  June 
1986,  the  socioeconomic  monitoring  report  for  Intermotmtain  Generating  Station  reports  a 
total  of  2,602  relocatees  or  weekly  commuters.  Unemployment  within  the  county  is  expected 
to  vary  somewhat  with  fluctuations  in  demands  for  construction  and  operation  employees  at 
Intermountain  Generating  Station  (LADWP,  1989).  The  unemployment  rate  in  the  county 
rose  from  4.6  percent  in  1980  to  5.6  percent  in  1988  and  then  fell  to  4.2%  in  1990  (Utah 
Department  of  Employment  Security,  1990). 

Portions  of  Links  610  and  630  enter  Juab  County,  located  to  the  north  of  Millard  County. 
Juab  County  is  primarily  rural  with  a  population  density  of  less  than  two  persons  per  square 
mile.  The  county's  population  declined  from  6,250  in  1985  to  5,817  in  1990  (U.S.  Department 
of  Commerce,  1990).  State  projections  anticipate  limited  growth  to  5,900  in  1995  (Utah  Office 
of  Planning  and  Budget,  1988). 

Juab  County  had  an  annual  average  tmemployment  rate  of  6.4  percent  in  1990,  down  from 
9.6%  in  1988.   Principal  employment  sectors  are  government  and  trade  (Utah  Department  of 
Employment  Security,  1990). 


IMPACT  ASSESSMENT  AND  MITIGATION  PLANNING 

This  section  considers  changes  in  existing  socioeconomic  characteristics  that  could  result  from 
the  proposed  project.  The  primary  socioeconomic  effects  associated  with  transmission  line 
projects  are:   (1)  construction-period  impacts  within  area  communities,  (2)  social  and 
economic  impacts  along  the  selected  route,  and  (3)  fiscal  effects  within  local  jurisdictions. 
These  effects  can  be  adverse  or  beneficial,  and  short-  or  long-term  in  nature.  They  may  be 
experienced  by  property  owners  along  the  transmission  line  routes,  residents  of  nearby 
communities,  and  taxpayers  in  jurisdictions  crossed  by  the  route. 

The  influx  of  the  construction  labor  force  can  have  both  adverse  and  beneficial  impacts  on 
area  communities.   Potential  adverse  affects  include  overburdening  existing  retail  facilities, 
such  as  motels  and  restaurants,  and  public  services  and  facilities,  such  as  law  enforcement 
and  public  roads.  The  project  can  also  benefit  local  commimities  by  increasing  retail  sales  or 
generating  employment.  These  impacts  are  short-term,  lasting  only  for  the  duration  of 
construction  in  the  area. 
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Social  and  economic  impacts  may  result  where  existing  or  planned  land  uses  are  displaced 
by  the  right-of-way  or  where  the  transmission  line  affects  nearby  properties.  Of  particular 
public  concern  are  the  effects  on  agricultural  production  and  recreation  areas  from  the  route 
selected.  Specific  land  use  impacts  are  addressed  in  the  impact  section  of  the  Land  Use 
Technical  Report. 

Revenues  from  property  taxes  assessed  on  the  project  provide  a  long-term  benefit  to  local 
taxpayers,  particularly  important  to  small  rural  communities  with  declining  tax  bases. 
Additional  revenues  may  be  generated  through  local  sales  taxes  on  purchases  by  construction 
contractors  and  workers,  but  these  revenues  are  generally  small  and  transitory.   In  addition 
to  payments  to  private  property  owners  for  right-of-way  leases  or  in  fee  purchases,  the  FS 
and  BLM  receive  right-of-way  payments  on  federal  lands  and  distribute  part  of  these 
revenues  to  the  counties  in  which  the  rights-of-way  are  located. 


Methods 

The  basic  methodology  for  assessing  socioeconomic  impacts  is  to  compare  the  projected 
condition  of  the  socioeconomic  parameters  of  interest  with  the  project  implemented  versus 
the  "without  project"  condition,  or  no  action  alternative.  The  assessment  of  construction 
impacts  involved  evaluating  whether  the  influx  of  construction  workers  would  require 
additional  community  services  or  facilities,  including  accommodations.   Potential  economic 
benefits  from  the  influx  of  workers  were  also  considered.  The  assessment  involved  an 
analysis  of  data  on  the  proposed  construction  schedule  and  work  force  size,  project  hiring 
procedures,  and  population  distribution  and  available  campgrounds  and  other 
accommodations  within  counties  crossed  by  the  links. 

The  social  and  economic  assessment  involved  identifying  potential  beneficial  or  adverse 
impacts  on  social  and  economic  activities  in  the  area.  High-use  tourist  areas  were  identified 
and  ROW  compensation  procedures  evaluated.  Mitigation  of  impacts  to  agriculture  timber 
and  grazing  are  addressed  in  the  land  use  section. 

Fiscal  impacts  were  assessed  by  estimating  potential  property  tax  revenues  from  the  project 
by  county.   Estimates  for  assessed  value  were  derived  by  multiplying  the  distance  of 
transmission  line  for  each  link  by  the  assessment  ratio  for  each  state  and  by  the  average  cost 
per  mile  for  the  project  of  $600,000.  Property  tax  revenues  are  estimated  by  multiplying  this 
assessed  value  times  the  average  property  tax  rate  in  each  county.  The  estimates  represent 
annual  property  tax  revenues  for  the  first  year  of  operation  without  depreciation. 

The  magnitude  of  the  potential  revenues  to  each  county  would  depend  upon  the  proportion 
of  the  total  project  cost  in  each  county.  This  can  be  estimated  based  on  the  length  of  the 
transmission  line  route  in  the  county.  Since  transmission  lines  of  this  type  typically  do  not 
require  local  government  expenditures,  potential  property  tax  revenues  represent  a 
reasonable  estimate  of  net  benefits. 
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Results 

Construction  Impacts 

The  analysis  of  construction  impacts  considered  the  size  and  staging  of  the  construction 
effort,  the  proximity  and  size  of  communities  along  the  route,  and  available  accommodations. 
Data  related  to  project  construction  were  obtained  from  contacts  with  Idaho  Power  Company 
(IPCo)  and  the  Los  Angeles  Department  of  Water  &  Power  aADWP),  and  the  SWIP 
Preliminary  Construction,  Operation  and  Maintenance  Plan  (May  1990). 

According  to  IPCo,  construction  of  the  transmission  line  would  require  at  least  one 
construction  contractor  with  a  minimum  of  105  workers.   It  is  possible  that  an  additional  firm 
would  be  contracted  to  begin  work  simultaneously  at  the  opposite  end  of  the  project. 
Personnel  required  from  each  contractor  are  shown  in  Table  SE-8.  Fenced  construction  yards 
would  be  placed  every  20-30  miles  along  the  route.   Depending  upon  the  route  selected, 
construction  is  expected  to  begin  the  summer  of  1993  and  be  completed  by  the  summer  of 
1995. 

Because  the  construction  work  would  be  contracted  out,  it  is  not  possible  to  determine  the 
geographic  origin  of  the  work  force.   Estimates  from  one  construction  company  anticipate 
that  60  percent  of  the  workforce  would  be  unskilled  labor  hired  locally  with  the  remaining  40 
percent  being  skilled  labor  from  out  of  town.   Generally,  more  unskilled,  local  workers  would 
be  needed  for  steel  lattice  tower  construction  than  for  other  structures.   Approximately  10 
percent  of  the  local  hires  are  likely  to  stay  with  the  project  throughout  its  duration  (West 
1990). 

The  demand  for  temporary  accommodations  along  the  routes  would  depend  upon  the 
workers'  home  base.  Because  the  area  is  sparsely  populated,  workers  would  probably  haul 
camper  trailers  to  each  jobsite  and  stay  in  nearby  campgrounds  or  trailer  parks. 
Approximately  52  percent  of  the  workforce  (52  workers)  would  require  temporary 
accommodations  near  the  jobsite.  Workers  from  outside  the  area  may  also  relocate  their 
families  to  the  larger  communities  in  the  vicinity  such  as  Twin  Falls,  Jerome,  Elko,  Wells,  Ely 
and  Delta. 

Given  the  relatively  small  size  of  the  construction  work  force,  adequate  facilities  should  exist 
to  provide  temporary  accommodations.   In  more  sparsely  populated  areas  where  few 
established  campgrounds  are  available,  jobsite  camp  areas  may  need  to  be  developed  or  a 
program  to  bus  workers  from  larger  communities  established.  Potential  conflicts  could  exist 
in  the  vicinity  of  Elko,  Nevada  where  there  is  a  housing  shortage  resulting  from  increased 
mining  activity.   In  contrast  with  the  housing  shortage  in  Elko,  Nevada,  declines  in 
construction  activity  at  Intermountain  Generating  Station  have  resulted  in  a  housing  and 
workforce  surplus  in  Delta,  Utah. 

Local  communities  would  benefit  from  purchases  by  construction  workers.   However,  since 
the  construction  workforce  is  both  small  and  mobile,  the  impact  of  these  expenditures  is 
expected  to  be  minimal. 
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Social  and  Economic  Impacts 

In  general,  the  effects  of  transmission  lines  on  existing  social  structures  and  economic 
activities  are  relatively  small.  Social  and  economic  issues  include  potential  effects  from  the 
influx  of  construction  workers,  disruption  of  land-based  economic  activities  such  as  timber 
production  or  livestock  grazing,  and  compensation  for  right-of-way. 

As  disaissed  in  the  previous  section,  impacts  from  construction  are  typically  minimal  due  to 
the  small  size,  short-term  workforce  characteristic  of  transmission  line  construction.  Some 
conflicts  may  exist  if  the  construction  workforce  competes  with  tourists  for  space  in  motels, 
parks,  trailers  and  campgrounds.  Increased  traffic  in  transporting  both  workers  and 
equipment  to  and  from  the  worksite  could  also  conflict  with  tourist  activities.   Such  conflicts 
may  be  minimized  by  scheduling  construction  to  avoid  tourist  areas  during  holidays, 
establishing  worker  camps  away  from  high-use  campgrounds,  or  busing  workers  f^om  large 
communities. 

In  Idaho,  areas  of  potential  concern  include  the  Snake  River  Rim  Recreation  Area,  Salmon 
Falls  Creek  Reservoir,  Tabor  Creek  campground.  Sawtooth  National  Forest,  and  the 
Hagerman  Fossil  Beds  National  Monument.   In  Nevada,  principal  areas  of  concern  include 
Humboldt  National  Forest  and  Great  Basin  National  Park.   In  Utah,  the  primary  recreational 
area  in  the  vicinity  of  the  project  is  Sevier  Lake. 

Displacement  of  agriculture,  timber,  grazing  and  other  land  uses  is  addressed  in  the  Land 
Use  Technical  Report.   In  Idaho,  potential  land  use  disruptions  include  a  gravel  pit/quarry, 
residential  properties,  agricultural  operations,  a  radio  facility  and  a  utility  airstrip  clear  zone. 
In  Nevada,  social  and  economic  concerns  include  potential  disruptions  to  residences, 
agricultural  properties,  the  Moapa  Indian  Reservation,  gravel  pits  or  quarries,  a  school  and 
two  airstrip  clear  zones.   In  Utah,  the  prinnary  concern  is  agricultural  lands.  These  impacts 
can  be  minimized  or  eliminated  through  tower  placement,  routing  modifications,  and 
mitigation. 

In  general,  new  land  rights  would  be  required  for  the  transmission  line  and  transmission  line 
access  roads.   Non-federal  lands  necessary  for  the  transmission  line  right-of-way  would  be 
obtained  in  perpetual  easements.   Additional  lands  for  substations,  if  necessary,  would  be 
purchased  in  fee  simple.  The  land  rights  would  be  obtained  in  the  name  of  IPCo.   Every 
effort  would  be  made  to  purchase  all  the  land  rights  on  private  lands  through  reasonable 
negotiations  with  the  present  owners.   A  grant  for  a  200-foot  right-of-way  has  been  requested 
for  the  portions  of  the  transmission  line  that  would  cross  federal  lands  administered  by  the 
BLM  and  FS. 


Fiscal  Impacts 

Property  taxes  paid  by  IPCo  would  benefit  tax  jurisdictions  within  the  coimties  crossed  by 
the  transmission  lines  and  associated  facilities.   Although  these  taxes  are  centrally  assessed 
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by  the  states,  county  jiirisdictions  would  receive  payments  according  to  the  project's  value  in 
each  county.  Table  SE-9  presents  estimates  of  property  tax  revenues  by  link.    To 
approximate  potential  revenues  in  each  county,  two  hypothetical  routes  were  selected  and 
associated  revenues  estimated.  Results  are  simimarized  by  state  below.  The  figures 
represents  estimates  of  annual  property  tax  revenues  during  the  first  year  of  operation.  They 
represent  estimates  for  comparison  purposes  only. 


Idaho 

Total  property  tax  revenues  from  the  project  in  Idaho  are  estimated  to  be  over  $1  million.   In 
Cassia  Coimty,  the  project  could  vary  from  0  to  2.1  miles.  At  $9,900  per  mile,  this  represents 
up  to  $21,000  in  revenue.   In  Gooding  County,  the  project  length,  as  proposed,  could  range 
between  0  and  15  miles  at  $14,100  per  mile.  The  project  is  estimated  to  produce  up  to 
$211,000  in  revenues  for  Gooding  County.   In  Jerome  County,  property  tax  revenues  would 
be  approximately  $14,700  per  mUe.  With  study  corridors  ranging  between  10  and  31  miles, 
Jerome  County  could  receive  between  $147,000  and  $455,700  from  the  transmission  line.   In 
Twin  Falls  County,  the  project  length  could  be  between  42  and  67  miles  at  approximately 
$16,200  per  mile.  Total  property  tax  receipts  could  be  approximately  $680,000  to  $1,085,000. 


Nevada 

In  Nevada,  total  estimated  revenues  are  over  2.2  million  during  the  first  year  of  operation. 
The  combination  of  study  corridors  into  hypothetical  route  alternatives  in  Elko  County  range 
between  approximately  139  to  153  miles  in  length  at  approximately  $5,250  per  mile  in 
property  taxes  for  a  total  county  estimate  of  $727,000  to  $801,000  in  revenues.   In  White  Pine 
County,  the  length  of  the  project  is  between  105  and  204  miles  at  approximately  $5,230  per 
mile.  Total  estimated  revenues  are  between  $568,000  and  $1,076,000.   In  Lincoln  County,  the 
length  would  be  approximately  110  miles  at  approximately  $4,935  per  mile.  Projected 
revenues  could  be  approximately  $540,000.  In  Nye  County,  the  project  would  be 
approximately  46  miles  long  at  approximately  $5,690  per  mile.   Projected  revenues  would  be 
on  the  order  of  $262,000.  In  Clark  County,  Link  70  is  27  miles  long  representing  $151,000  in 
revenues  at  $5,628  per  mile. 


Utah 

In  Utah,  the  project  would  range  between  approximately  80  and  116  miles  in  length  for 
revenues  of  $650,000  to  almost  $1  million.   Approximately  41  to  116  miles  would  be  in 
Millard  County  representing  $355,200  to  $999,000  in  revenues  at  $8,580  per  mile.   In  Juab 
County,  which  is  crossed  by  only  two  of  the  proposed  links,  revenues  could  be  up  to 
$296,000. 

The  significance  of  the  property  tax  revenues  from  the  project  to  each  county  would  depend 
upon  the  count/s  relative  tax  base.  Table  SE-7  presents  1988  assessed  valuation  for  each 
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county.   As  a  percentage  of  the  county's  total  assessed  value,  the  assessed  value  of  the 
hypothetical  routes  evaluated  and  associated  facilities  would  be  highest  in  Lincoln  County  at 
45%  of  1990  assessed  value  and  next  highest  in  White  Pine  County,  at  18  to  35  percent. 
Other  county's  for  which  the  SWIP  could  represent  more  than  5  percent  of  the  county's 
assessed  valuation  are  Jerome,  Elko  and  Juab,  depending  upon  the  route  evaluated. 
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TABLES 


TABLE  SE-1 

Population  and  Projections  by  County 
based  on  1980  Census 


Year 

Area 

State/Countv 

Sq.  N4iles 

1980 

1985 

1990 

1995 

2000 

2005 

IDAHO 

Cassia 

2,560 

19,420 

21,260 

22,940* 
19,532** 

24,300 

25,520 

26,570 

Gooding 

728 

11,870 

12,850 

13,860* 
11,633** 

14,880 

15,850 

16,720 

Jerome 

601 

14,840 

16,080 

17,320* 
15,138** 

18,240 

19,150 

20,010 

Twin  Falls 

1,944 

52,920 

59,980 

67,270* 
53,580** 

74,520 

81,320 

87,540 

NEVADA 

Elko 

17,135 

17,269 

22,850 

30,000* 
33,530** 

32,820 

34,820 

36,800 

White  Pine 

8,903 

8,167 

7,560 

8,400* 
9,264** 

9,080 

9,400 

9,640 

Lincoln 

10,635 

3,732 

4,200 

4,300* 
3,775** 

4,440 

4,580 

4,720 

Nye 

18,064 

9,048 

14,850 

17,940* 
17,781** 

21,440 

24,010 

26,200 

Clark 

7,927 

463,087  572,140 

720,000* 

841,430 

940,170 

1,048,240 

741,459** 

UTAH 

Juab 

3,396 

5,550 

6,250 

5,900* 
5,81/* 

6,150 

6,150 

6,550 

MiUard 

6,648 

9,050 

14,200 

11,000* 
11,333** 

11,400 

11,600 

12,000 

Represents  1990  projection  based  on  1980  census  data. 

Represents  1990  census  data.  Projections  based  on  1990  figures  are  not 

available  for  all  study  area  counties. 
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Table  SE-1  (Continued) 

Population  and  Projections  by  County  based  on  1980  Census 

Sources:  Idaho  Department  of  Water  Resources  and  University  Research  Center,  June  1985. 

Idaho  Department  of  Employment,  1989. 

North  East  Nevada  Development  Authority,  1989. 

Utah  Office  of  Planning  and  Budget,  1988. 

Nevada  Department  of  Taxation,  1989. 

Nevada  State  Demographer,  1989. 

Nevada  Department  of  Administration,  1990. 

U.S.  Department  of  Commerce,  Bureau  of  Census,  1980. 
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TABLE  SE-3 


Unemployment  and  Personal  Income  by  County 


State/Countv 

Labor 
Force  (1988) 

Unemployment 
Rate  (1988) 

Per  Capita 
Personallncome  0987) 

IDAHO 

Cassia 
Gooding 
Jerome 
Twin  Falls 

7,834 
6,377 
5,396 

26,047 

7.9 
5.4 
8.4 
5.8 

$10,945 
11,584 
10,614 
11,703 

NEVADA 

Elko 

White  Pine 
Lincoln 
Nye 
Clark 

15,430 
4,370 
2,150 
7,630 

342,000 

5.2 
5.4 
5.3 
4.6 
5.4 

14,434 
14,047 
13,973 
12,780 
15,893 

UTAH 

Juab 
Millard 

2,003 
5,283 

9.6 
5.5 

8,200 
9,622 

Sources:    Idaho  Department  of  Employment,  April  1989. 
Idaho  Department  of  Employment,  1990 
North  East  Nevada  Development  Authority,  1988/1989. 
Utah  Department  of  Employment  Security,  1989. 
Nevada  Employment  Security  Department,  1990. 
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TABLE  SE-6 

Population  of  Study  Area  Communities 


State/Communities 

Population 

1980 

1988- 

IDAHO 

Buhl 

3,629 

3,640 

Bliss 

208 

220 

Eden 

355 

410 

Gooding 

2,949 

2,830 

Hansen 

1,078 

1,090 

Hagerman 

602 

660 

Jerome 

6,891 

6,960 

Kimberly 

2,307 

2,710 

Twin  Falls 

26,209 

27,540 

Wendell 

1,974 

2,130 

NEVADA 

Elko 

14,736 

13,600 

Ely 

4,756 

5,170 

Wells 

1,256 

1,290 

Caliente 

1,111 

1,160 

Las  Vegas 

258,295 

230,030 

UTAH 

Delta 

2,998 

7,41  r 

Hinckley 

658 

933* 

1982  estimates  from  Millard  County  Growth  Management  Plan  based  on 
assessment  of  impacts  from  Intermountain  Power  Projects.  Figures  are  not 
official  state  estimates. 

Figures  presented  are  for  1988  since  1990  census  data  were  not  available  for  all 
communities. 


Sources:  Idaho  Department  of  Commerce,  1989 

Nevada  Department  of  Taxation,  1989 
Utah  Department  of  Employment  Security,  1991 
U.S.  Department  of  Commerce,  Bureau  of  Census,  1980, 1990 
U.S.  Department  of  Agriculture,  1982 
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TABLE  SE-7 


Assessed  Values  and  Tax  Rates  by  County 


State /County 

IDAHO 
Cassia 
Gooding 
Jerome 
Twin  Falls 

NEVADA 
Elko 

White  Pine 
Lincoln 
Nye 
Clark 


UTAH 
Juab 
Millard 


1990 
Average  Tax 
Rate  Per  $100 
Assessed  Value 

1990 

Total  County 

Assessed  Value 

1.65* 
2.35* 
2.45* 
2.27* 

487,609,543 

$    261,155,102 

351347,121 

1,156,527,810 

2.50** 

2.49 

2.35*** 

2.71 

2.68 

574,613,762 

120,485,528 

51,224,433 

551,845,998 

11,294,874,939 

1.43 
1.24 

242,552,400 
2,874,632,000 

*    Represents  tax  rates  for  urban  areas.  Rural  tax  rates  are  significantly  lower,  between  1 .30 
and  1.50  per  $100  assessed  value. 

**   Represents  average  of  rates  for  three  tax  districts  in  county. 

***  Represents  average  of  rates  for  seven  tax  districts  in  county. 

Sources:     Idaho  State  Tax  Commission,  1991. 

Utah  State  Tax  Commission,  1991. 

Nevada  Department  of  Taxation,  1991. 
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TABLE  SE-8 

Construction  Work  Force  and  Equipment 

Road  Construction  -  10  people  (including  maintenance) 

equipment:  2  bulldozers  (D-6  or  D-8) 

2  motor  graders 
2  pickup  trucks 
2  water  trucks  (for  construction  and  maintenance) 

Footing  Installation  -  20  people 

equipment:  2  hole  diggers 

1  bulldozer  (D-6) 

1  truck  (2  ton) 

6  concrete  trucks 

6  hydro  crane  (15  ton) 

2  pickup  trucks 
2  carry  alls 

1  batch  plant 

2  dump  trucks 
2  wagon  drills 

Structure  Steel  Haul  -  10  people 

equipment:  6  steel  haul  trucks 

1  yard  crane  (heavy  duty) 

2  pickup  trucks 

Structure  Assembly  -  20  people 

equipment:  4  carry  alls 

4  pickup  trucks 

4  cranes  (rubber  tired) 

4  trucks  (2  ton) 
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Table  SE-8  (continued) 

Construction  Work  Force  and  Equipment 


Survey  -  6  people 
equipment: 


1  helicopter 

2  pickups 


Structure  Erection  -  10  people 


equipment: 


2  cranes  (60  ton) 
2  pickup  trucks 
2  trucks  (2  ton) 


Conductoring  -  40  people 
equipment: 


1  helicopter  and  fly  ropes 

3  drum  pullers  (1  light,  1  medium,  1  heavy) 

2  splicing  trucks 

2  double-wheeled  tei\sioners  (1  light,  1  heavy) 

6  wire  reel  trailers 

2  diesel  tractors 

1  crane  (2-4  ton) 

1  sagging  equipment 

4  trucks  (5  ton) 
6  pickup  trucks 


Clean-up  -  12  people 
equipment: 


2  pickup  trucks 
2  trucks  (2  ton) 


Road  Rehabilitation  -  4  people 
equipment: 


1  bulldozer  (D-8) 

2  motor  graders 
1  pickup  truck 


TOTAL  PERSONNEL  REQUIRED  -  150* 


*more  than  1  contractor  may  be  used  simultaneously  on  difference  line  segments 
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TABLE  SE.9 

Estimated  Property  Tax  Revenues  by  Link 


State/ 

Mileage 

Tax  Rate 

Cost  per 

Assessed 

Projected 

County 

Link 

within  County 

per  $100» 

Mile 

Value** 

Revenues 

roAHO 

Cassia 

41 

2.1 

1.65 

$600,000 

$1,260,000 

$20,790 

Gooding 

61 

14.5 

2.35 

$600,000 

$8,700,000 

$204,450 

Jerome 

10 

13.7 

2.45 

$600,000 

$8,220,000 

$201,390 

20 

5.6 

2.45 

$600,000 

$3,360,000 

$82,320 

30 

6.1 

2.45 

$600,000 

$3,660,000 

$89,670 

41 

3.5 

2.45 

$600,000 

$2,100,000 

$51,450 

61 

10.3 

2.45 

$600,000 

$6,180,000 

$151,410 

Twin  Falls 

61 

0.7 

2.27 

$600,000 

$420,000 

$9,534 

62 

5.2 

2.27 

$600,000 

$3,120,000 

$70,824 

63 

3.7 

2.27 

$600,000 

$2,220,000 

$50,394 

64 

55.5 

2.27 

$600,000 

$33,300,000 

$755,910 

41 

24 

2.27 

$600,000 

$14,400,000 

$326,880 

42 

8.2 

2.27 

$600,000 

$4,920,000 

$111,684 

51 

14.1 

2.27 

$600,000 

$8,460,000 

$192,042 

71 

5.9 

2.27 

$600,000 

$3,540,000 

$80,358 

81 

17.6 

2.27 

$600,000 

$10,560,000 

$239,712 

82 

1 

2.27 

$600,000 

$600,000 

$13,620 

83 

0.8 

2.27 

$600,000 

$480,000 

$10,896 

NEVADA 

Rlko 

71 

17.2 

2.50 

$600,000 

$3,612,000 

$90,300 

72 

4.6 

2.50 

$600,000 

$966,000 

$24,150 

82 

28.6 

2.50 

$600,000 

$6,006,000 

$150,150 

83 

10.1 

2.50 

$600,000 

$2,121,000 

$53,025 

91 

9.7 

2.50 

$600,000 

$2,037,000 

$50,925 

92 

13.6 

2.50 

$600,000 

$2,856,000 

$71,400 

100 

12 

2.50 

$600,000 

$2,520,000 

$63,000 

110 

2.6 

2.50 

$600,000 

$546,000 

$13,650 

120 

3 

2.50 

$600,000 

$630,000 

$15,750 

130 

8.6 

2.50 

$600,000 

$1,806,000 

$45,150 

141 

17.3 

2.50 

$600,000 

$3,633,000 

$90,825 

142 

8.9 

2.50 

$600,000 

$1,869,000 

$46,725 

143 

10 

2.50 

$600,000 

$2,100,000 

$52,500 

144 

6.3 

2.50 

$600,000 

$1,323,000 

$33,075 

150 

8.4 

2.50 

$600,000 

$1,764,000 

$44,100 

151 

14.3 

2.50 

$600,000 

$3,003,000 

$75,075 

152 

9.9 

2.50 

$600,000 

$2,079,000 

$51,975 

161 

8.4 

2.50 

$600,000 

$1,764,000 

$44,100 

162 

9.9 

2.50 

$600,000 

$2,079,000 

$51,975 

163 

8.3 

2.50 

$600,000 

$1,743,000 

$43,575 

164 


4.6 


2.50 


$600,000 


$966,000 


$24,150 
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Table  SE-9  (Continued) 

Estimated  Property  Tax  Revenues  by  Link 


State/ 

Mileage 

Tax  Rate 

Cost  per 

Assessed 

Projected 

County 

Link 

within  County 

per  $100* 

Mile 

Value** 

Revenues 

165 

4.7 

2.50 

$600,000 

$987,000 

$24,675 

166 

2.7 

2.50 

$600,000 

$567,000 

$14,175 

167 

5.1 

2.50 

$600,000 

$1,071,000 

$26,775 

168 

7.7 

2.50 

$600,000 

$1,617,000 

$40,425 

169 

3.6 

2.50 

$600,000 

$756,000 

$18,900 

1610 

3 

2.50 

$600,000 

$630,000 

$15,750 

1611 

3.1 

2.50 

$600,000 

$651,000 

$16,275 

1612 

10.5 

2.50 

$600,000 

$2,205,000 

$55,125 

1613 

2.5 

2.50 

$600,000 

$525,000 

$13,125 

170 

33.8 

2.50 

$600,000 

$7,098,000 

$177,450 

180 

30.7 

2.50 

$600,000 

$6,447,000 

$161,175 

190 

21.6 

2.50 

$600,000 

$4,536,000 

$113,400 

200 

7.3 

2.50 

$600,000 

$1,533,000 

$38,325 

211 

17.6 

2.50 

$600,000 

$3,696,000 

$92,400 

212 

16.3 

2.50 

$600,000 

$3,423,000 

$85,575 

221 

4.4 

2.50 

$600,000 

$924,000 

$23,100 

222 

44.8 

2.50 

$600,000 

$9,408,000 

$235,200 

223 

13.2 

2.50 

$600,000 

$2,772,000 

$69,300 

224 

5.9 

2.50 

$600,000 

$1,239,000 

$30,975 

225 

5.9 

2.50 

$600,000 

$1,239,000 

$30,975 

226 

23.8 

2.50 

$600,000 

$4,998,000 

$124,950 

230 

16.4 

2.50 

$600,000 

$3,444,000 

$86,100 

241 

21.8 

2.50 

$600,000 

$4,578,000 

$114,450 

250 

20.7 

2.50 

$600,000 

$4,347,000 

$108,675 

711 

L7 

2.50 

$600,000 

$357,000 

$8,925 

712 

14 

2.50 

$600,000 

$2,940,000 

$73,500 

713 

2.8 

2.50 

$600,000 

$588,000 

$14,700 

714 

L4 

2.50 

$600,000 

$294,000 

$7,350 

715 

2.2 

2.50 

$600,000 

$462,000 

$11,550 

White  Pine 

221 

6.8 

2.49 

$600,000 

$1,428,000 

$35,557 

241 

7.8 

2.49 

$600,000 

$1,638,000 

$40,786 

242 

1 

2.49 

$600,000 

$210,000 

$5,229 

243 

LI 

2.49 

$600,000 

$231,000 

$5,752 

244 

6.1 

2.49 

$600,000 

$1,281,000 

$31,897 

245 

1.1 

2.49 

$600,000 

$231,000 

$5,752 

259 

6 

2.49 

$600,000 

$1,260,000 

$31,374 

250 

4 

2.49 

$600,000 

$840,000 

$20,916 

260 

4.7 

2.49 

$600,000 

$987,000 

$24,576 

241 

5.5 

2.49 

$600,000 

$1,155,000 

$28,760 

242 

4.1 

2.49 

$600,000 

$861,000 

$21,439 

263 

9.6 

2.49 

$600,000 

$2,016,000 

$50,198 

264 

10.4 

2.49 

$600,000 

$2,184,000 

$54,382 

265 

4 

2.49 

$600,000 

$840,000 

$20,916 

266 

22.8 

2.49 

$600,000 

$4,788,000 

$119,221 

267 

20.6 

2.49 

$600,000 

$4,326,000 

$107,717 
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Table  SE-9  (Continued) 

Estimated  Property  Tax  Revenues  by  Link 


State/ 

Mileage 

Tax  Rate 

Cost  per 

Assessed 

Projected 

County 

Link 

within  County 

per  $100* 

Mile 

Value** 

Revenues 

270 

4.2 

2.49 

$600,000 

$882,000 

$21,962 

280 

34.5 

2.49 

$600,000 

$7,245,000 

$180,401 

291 

14.4 

2.49 

$600,000 

$3,024,000 

$75,298 

292 

22.5 

2.49 

$600,000 

$4,725,000 

$117,653 

293 

21.6 

2.49 

$600,000 

$4,536,000 

$112,946 

300 

4.8 

2.49 

$600,000 

$1,008,000 

$25,099 

310 

4.7 

2.49 

$600,000 

$987,000 

$24,576 

320 

2.6 

2.49 

$600,000 

$546,000 

$13,595 

331 

7 

2.49 

$600,000 

$1,470,000 

$36,603 

332 

2.7 

2.49 

$600,000 

$567,000 

$14,118 

340 

8.5 

2.49 

$600,000 

$1,785,000 

$44,447 

350 

14 

2.49 

$600,000 

$2,940,000 

$73,206 

351 

4.5 

2.49 

$600,000 

$945,000 

$23,531 

352 

0.5 

2.49 

$600,000 

$105,000 

$2,615 

361 

23 

2.49 

$600,000 

$4,830,000 

$120,267 

362 

9.9 

2.49 

$600,000 

$2,079,000 

$51,767 

363 

11.7 

2.49 

$600,000 

$2,457,000 

$61,179 

364 

44.3 

2.49 

$600,000 

$9,303,000 

$231,645 

370 

10.3 

2.49 

$600,000 

$2,163,000 

$53,859 

380 

22.2 

2.49 

$600,000 

$4,662,000 

$116,084 

390 

17.7 

2.49 

$600,000 

$3,717,000 

$92,553 

400 

11.1 

2.49 

$600,000 

$2,331,000 

$58,042 

410 

15.9 

2.49 

$600,000 

$3,339,000 

$83,141 

420 

11.7 

2.49 

$600,000 

$2,457,000 

$61,179 

430 

16.9 

2.49 

$600,000 

$3,549,000 

$88,370 

440 

3.8 

2.49 

$600,000 

$798,000 

$19,870 

450 

6.3 

2.49 

$600,000 

$1,323,000 

$32,943 

461 

12.6 

2.49 

$600,000 

$2,646,000 

$65,885 

610 

29.4 

2.49 

$600,000 

$6,174,000 

$153,733 

620 

8.6 

2.49 

$600,000 

$1,806,000 

$44,969 

660 

6.1 

2.49 

$600,000 

$1,281,000 

$31,897 

669 

16 

2.49 

$600,000 

$3,360,000 

$83,664 

Lincoln 

440 

14.6 

2.35 

$600,000 

$3,066,000 

$72,051 

671 

43.4 

2.35 

$600,000 

$9,114,000 

$214,179 

672 

8.3 

2.35 

$600,000 

$1,743,000 

$40,961 

673 

22 

2.35 

$600,000 

$4,620,000 

$108,570 

674 

24.8 

2.35 

$600,000 

$5,208,000 

$122,388 

675 

26.8 

2.35 

$600,000 

$5,628,000 

$132,258 

680 

49.7 

2.35 

$600,000 

$10,437,000 

$245,270 

690 

44.1 

2.35 

$600,000 

$9,261,000 

$217,634 

700 

12.1 

2.35 

$600,000 

$2,541,000 

$59,714 

Nye 

669 

19.4 

2.71 

$600,000 

$4,074,000 

$110,405 

670 

11.3 

2.71 

$600,000 

$2,373,000 

$64,308 
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Table  SE-9  (Continued) 

Estimated  Property  Tax  Revenues  by  Link 


State/ 

Mileage 

Tax  Rate 

Cost  per 

Assessed 

Projected 

County 

Link 

within  County 

per  $100* 

Mile 

Value** 

Revenues 

671 

22 

2.71 

$600,000 

$4,620,000 

$125,202 

672 

15.2 

2.71 

$600,000 

$3,192,000 

$86,503 

Clark 

700 

27 

2.68 

$600,000 

$5,670,000 

$151,956 

720 

22.8 

2.68 

$600,000 

$4,788,000 

$128,318 

730 

13.2 

2.68 

$600,000 

$2,772,000 

$74,290 

740 

3.2 

2.68 

$600,000 

$672,000 

$18,010 

750 

15 

2.68 

$600,000 

$3,150,000 

$84,420 

760 

12.4 

2.68 

$600,000 

$2,604,000 

$69,787 

770 

12.6 

2.68 

$600,000 

$2,646,000 

$70,913 

780 

3.9 

2.68 

$600,000 

$819,000 

$21,949 

790 

3.1 

2.68 

$600,000 

$651,000 

$17,447 

800 

2.4 

2.68 

$600,000 

$504,000 

$13,507 

810 

1.6 

2.68 

$600,000 

$336,000 

$9,005 

820 

2.6 

2.68 

$600,000 

$546,000 

$14,633 

830 

4.6 

2.68 

$600,000 

$966,000 

$25,889 

840 

3.2 

2.68 

$600,000 

$672,000 

$18,010 

UTAH 

Millard 

268 

18.8 

1.24 

$600,000 

$11,280,000 

$139,872 

451 

72.5 

1.24 

$600,000 

$43,500,000 

$539,400 

461 

12.6 

1.24 

$600,000 

$7,560,000 

$93,744 

462 

27.9 

1.24 

$600,000 

$16,740,000 

$207,576 

470 

18.8 

1.24 

$600,000 

$11,280,000 

$139,872 

480 

16.4 

1.24 

$600,000 

$9,840,000 

$122,016 

490 

9.1 

1.24 

$600,000 

$5,460,000 

$67,704 

500 

10.9 

1.24 

$600,000 

$6,540,000 

$81,096 

510 

6.6 

1.24 

$600,000 

$3,960,000 

$49,104 

520 

8.5 

1.24 

$600,000 

$5,100,000 

$63,240 

530 

10.4 

1.24 

$600,000 

$6,240,000 

$77,376 

540 

6.9 

1.24 

$600,000 

$4,140,000 

$51,336 

550 

4.8 

1.24 

$600,000 

$2,880,000 

$35,712 

560 

4.6 

1.24 

$600,000 

$2,760,000 

$34,224 

571 

7.6 

1.24 

$600,000 

$4,560,000 

$56,544 

572 

4 

1.24 

$600,000 

$2,400,000 

$29,760 

580 

5.5 

1.24 

$600,000 

$3,300,000 

$40,920 

581 

3.3 

1.24 

$600,000 

$1,980,000 

$24,552 

590 

9.1 

1.24 

$600,000 

$5,460,000 

$67,704 

600 

7.8 

1.24 

$600,000 

$4,680,000 

$58,032 

630 

18.1 

1.24 

$600,000 

$10,860,000 

$134,664 

640 

10.9 

1.24 

$600,000 

$6,540,000 

$81,096 

650 

8.3 

1.24 

$600,000 

$4,980,000 

$61,752 
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Table  SE-9  (Continued) 

Estimated  Property  Tax  Revenues  by  Link 


State/ 
County 

Link 

Mileage 
within  County 

Tax  Rate 
per  $100* 

Cost  per 
Mile 

Assessed 
Value** 

Projected 
Revenues 

Juab 

611 
621 
630 

3 

2.2 
34.4 

1.43 
1.43 
1.43 

$600,000 
$600,000 
$600,000 

$1,800,000 

$1,320,000 

$20,640,000 

$25,740 

$18,876 

$295,152 

*  -  Represents  average  property  tax  rate  in  county  per  $100  in  assessed  value. 

**  -  Represents  estimated  project  cost  multiplied  by  assessment  ratio  in  each  state,  100  percent  in  Idaho  and 
Utah  and  35  percent  in  Nevada. 
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CHAPTER  8 
ELECTRIC  AND  MAGNETIC  EFFECTS 


INTRODUCTION 

The  proposed  Southwest  Intertie  Project  transmission  line  is  a  500kV  class  transmission  line 
which  would  operate  at  a  maximum  voltage  of  550  kilovolts  (kV).   (This  is  the  voltage 
between  conductors.  The  maximum  line-to-groimd  voltage  is  317kV.)  This  voltage  generates 
an  electric  field  in  the  space  between  the  conductors  and  ground.  The  electric  field  near 
ground  level  is  calculated  or  measured  in  units  of  kilovolts  per  meter  (kV/m)  at  a  height  of 
3.28  feet  (1  m)  above  the  ground.  The  proposed  transmission  line  would  have  a  capacity  of 
1200  MW  which  corresponds  to  1389  amperes  (A)  of  current  per  phase.  The  current  flowing 
in  the  conductors  of  the  transmission  line  generates  a  magnetic  field  in  the  volume 
surrounding  the  transmission  line.   The  magnetic  field  is  expressed  in  n^illigauss  (mG)  and  is 
usually  measured  or  calculated  at  a  height  of  3.28  feet  (1  m)  above  the  ground.  The  electric 
field  at  the  surface  of  the  conductors  causes  the  phenomenon  of  corona.   The  purpose  of  this 
report  is  to  quantify  the  levels  and  expected  impacts  of:   the  electric  field  near  ground,  the 
magnetic  field  near  ground,  and  corona  generated  radio  interference,  television  interference 
and  audible  noise  from  the  proposed  Southwest  Intertie  Project  500kV  transmission  line. 

Information  on  the  physical  configuration  and  operating  characteristics  of  the  proposed  line 
was  supplied  by  Idaho  Power  Company. 

The  electric  fields,  magnetic  fields  and  corona  effects  from  the  proposed  line  were  calculated 
using  the  Bonneville  Power  Administration  (BPA)  Corona  and  Field  Effects  Program  [BPA, 
undated].   In  this  program,  the  calculation  of  60-Hz  fields  uses  standard  superposition 
techniques  for  vector  fields  from  several  line  sources:   in  this  case,  the  sources  are  multiple 
transmission  line  conductors.  The  transmission  line  conductors  are  assumed  to  be  straight, 
parallel  and  located  above  and  parallel  to  an  infinite  flat  grovmd  plane. 

Electric  fields  are  calculated  using  the  method  of  images.   Fields  from  the  conductors  and 
their  images  are  superimposed  with  the  proper  magnitude  and  phase  to  produce  the  total 
field  at  a  selected  location.   The  total  magnetic  field  is  calculated  from  the  vector  summation 
of  the  fields  from  currents  in  all  the  conductors.   Balanced  currents  are  assumed.  The 
contribution  of  image  currents  in  the  conductive  earth  are  not  included.   In  the  case  of  multi- 
line corridors,  similar  current  conditions  —  maximum  or  average  -  and  similar  power  flow 
directions  have  been  assumed  for  all  lines. 

Electric  and  magnetic  fields  for  the  proposed  line  were  calculated  at  a   height  of  3.28  feet  (1 
m).  Calculations  were  performed  out  to  the  edge  of  the  right-of-way  for  the  transmission 
line  corridor.  The  validity  and  limitations  of  such  calculations  have  been  well  verified. 
Because  maximum  voltage  and  current  and  conductor  height  at  a  conductor  temperature  of 
120°  F  (49°  C)  above  ground  are  used,  the  calculated  values  given  here  represent  worst  case 
conditions:   i.e.  the  calculated  fields  are  higher  than  they  would  be  in  practice.  The  worst- 
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case  conditions  would  occur  very  seldom.  Important  input  parameters  for  the  computation 
of  electric  and  magnetic  fields  are  voltage,  current  and  geometric  configuration  of  the  line. 

The  corona  performance  of  the  proposed  line  was  also  predicted  using  the  Bonneville  Power 
Administration  (BPA)  Corona  and  Field  Effects  Program  [BPA,  undated].  Corona 
performance  is  calculated  using  empirical  equations  that  have  been  developed  over  several 
years  from  the  results  of  measurements  on  numerous  high  voltage  lines  [Chartier  &  Steams, 
1981];  Chartier,  1983.  The  validity  of  this  approach  for  audible  noise  has  been  demonstrated 
through  comparisons  with  measurements  on  other  lines  all  over  the  country  [IEEE 
Committee  Report,  1982].  The  accuracy  of  this  method  for  predicting  radio  and  television 
interference  from  compact  lines  such  as  the  proposed  line  is  not  as  well  established. 
However,  of  the  methods  available  for  predicting,  the  BPA  empirical  equivalent  method  is 
the  most  conservative  (i.e.,  it  predicts  the  highest  interference  levels  for  a  given 
configuration).  Therefore,  the  results  presented  here  represent  a  conservative  estimate  of 
levels  and  impacts.  Important  input  parameters  to  the  program  are  voltage,  current, 
conductor  size  and  geometric  configuration  of  the  line.  Because  corona  is  a  statistical 
phenomenon,  corona  computations  are  made  under  conditions  of  average  operating  voltage: 
estimated  as  2.5%  above  nominal.  Thus,  the  voltages  assumed  for  computation  of  corona 
phenomena  are:   141,  236,  354,  and  537.5kV  for  138,  230,  345  and  500kV  lines,  respectively. 
Because  corona  is  basically  a  foul  weather  phenomenon,  levels  of  audible  noise,  radio 
interference  and  television  interference  are  predicted  for  both  fair  and  foul  weather.  The 
typical  altitude  of  the  line  has  been  taken  as  5000  feet  for  prediction  purposes. 

The  proposed  500kV  line  would  parallel  numerous  other  lines  of  various  voltage  along  its 
entire  length.  Sixteen  possible  parallel  configurations  have  been  identified  and  analyzed. 
The  field  and  corona  effects  levels  have  been  computed  for  the  existing  corridor  and  for  the 
corridor  with  the  addition  of  the  proposed  line. 

INVENTORY 
Physical  Description 

Proposed  line  -  The  physical  dimensions  for  the  flat  configuration  of  the  proposed  line  are 
shown  in  Figure  EMF-1.  These  dimensions  are  the  same  for  the  three  types  of  constructions 
also  shown  in  Figure  EMF-1:   guyed  V  steel  lattice,  steel  pole  H-frame,  and  self-supporting 
steel  lattice.   Each  of  the  three  electrical  phases  consists  of  a  bundle  of  three  1.504  inch 
diameter  ACSR  (Aluminum  conductor,  steel  reinforced)  conductors.  The  three  subconductors 
are  arranged  in  a  triangular  bundle  with  a  spacing  of  18  inches  and  supported  by  an  I-string 
or  V-string  insulator  assembly.  The  voltage  (and  current)  waves  are  displaced  by  120°  in 
time  (1  /3  of  a  cycle)  on  each  electrical  phase.  The  horizontal  phase  spacing  between 
corresponding  conductor  bundles  of  the  two  circuits  is  35  feet.  The  minimum  line-to-ground 
clearance  for  a  conductor  temperature  of  120°  F  (49°  C)  is  37  feet  (42°  C)  conductor 
temperature).  The  right-of-way  width  for  the  proposed  line  is  200  feet.  Although  the 
proposed  line  is  adjacent  to  existing  lines  along  the  entire  route,  analyses  of  the  electrical 
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effects  for  the  proposed  line  by  itself  (Case  0,  refer  to  Figure  EMF-1)  are  presented  along 
with  analyses  for  the  actual  corridor  configuratioiis  (Cases  1-16).  The  summary  of  inventory 
of  cases  is  located  in  Appendix  A. 

Estimates  of  average  and  maximimi  currents  on  the  proposed  line  have  been  based  on  a  1200 
MW  capacity  and  historical  loading  pattern. 

Existing  corridors  -  The  16  different  corridor  configurations,  designated  Case  1-16,  is  shown 
in  Figure  EMF-2.  The  characteristics  of  the  transmission  lines  in  various  corridors  are 
summarized  in  Table  EMF-1.   Information  on  the  lines  was  supplied  to  Idaho  Power 
Company  by  the  operating  utilities. 

Electric  Field 

An  electric  field  is  said  to  exist  in  a  region  of  space  if  a  charge,  at  rest  in  that  space, 
experiences  a  force  of  electrical  origin  (i.e.,  electric  fields  cause  free  charges  to  move).  Electric 
field  is  a  vector  quantity.  That  is,  it  has  both  magnitude  and  direction.  The  direction 
corresponds  to  the  direction  a  positive  charge  would  move  in  the  field.  Sources  of  electric 
fields  are  unbalanced  electrical  charges  (positive  or  negative)  and  time-varying  magnetic 
fields.  Transmission  lines,  distribution  lines,  house  wiring  and  appliances  generate  electric 
fields  in  their  vicinity  because  of  unbalanced  electrical  charge  on  unshielded  energized 
conductors.   The  unbalanced  charge  is  associated  with  the  voltage  on  the  energized  system. 
Because  the  voltage  and  charge  on  the  energized  conductors  change  polarity  (plus  to  minus) 
at  a  rate  of  60  times  per  second,  the  electric  fields  near  sources  are  also  time-varying  at  a 
frequency  of  60  Hertz  (Hz).   (Hertz  is  a  frequency  unit  equivalent  to  cycles  per  second.) 

Electric  fields  are  expressed  in  units  of  volts  per  meter  (V/m)  or  kilo  volts  (thousands  of 
volts)  per  meter  (kV/m).   Electric  and  nugnetic  field  magnitudes  in  this  report  are  expressed 
in  root  mean  square  (rms)  units.   For  sinusoidal  waves  the  rms  amplitude  is  given  by  the 
peak  amplitude  divided  by  the  square  root  of  two. 

The  spatial  uniformity  of  an  electric  field  depends  on  the  source  of  the  field  and  on  the 
distance  from  that  source.  On  the  ground,  under  a  transmission  line,  the  electric  field  is 
nearly  constant  in  magnitude  and  direction  over  distances  of  a  few  meters.   However,  in 
close  proximity  to  transmission  or  distribution  line  conductors  the  field  decreases  rapidly  as 
distance  from  the  conductors  increases.  Similarly,  near  small  sources  such  as  appliances,  the 
field  is  not  uniform  and  falls  off  even  more  rapidly  with  distance  from  the  device.   If  an 
energized  conductor  (source)  is  inside  a  grounded  conducting  enclosure  then  the  electric  field 
outside  the  enclosure  is  zero  and  the  source  is  said  to  be  shielded. 

Electric  fields  interact  with  the  charges  in  all  matter,  including  living  systems.  When  a 
conducting  object,  such  as  a  vehicle  or  person,  is  located  in  a  time-varying  electric  field  near 
a  transmission  line,  the  external  electric  fields  exert  forces  on  the  charges  in  the  object,  and 
electric  fields  and  currents  are  induced  in  the  object.  If  the  object  is  groimded,  then  the  total 
current  induced  in  the  body  flows  to  earth.  This  total  current  is  called  the  short-circuit 
current.  The  distribution  of  the  currents  within,  say,  the  human  body  depends  on  the 
electrical  conductivities  of  various  parts  of  the  body. 
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At  the  boundary  surface  between  air  and  the  conductor,  the  field  in  the  air  that  is 
perpendicular  to  the  conductor  surface  is  much,  much  larger  than  the  field  in  the  conductor 
itself.  For  example,  the  average  surface  field  on  a  human  standing  in  a  10  kV/m  field  is  27 
kV/m.  The  internal  fields  in  the  body  are  approximately  0.008  V/m  and  0.45  V/m  in  the 
torso  and  ankles,  respectively. 

Transmission  Line  Electric  Fields 

The  electric  field  created  by  a  high  voltage  transmission  line  extends  from  the  energized 
conductors  to  other  conducting  objects  such  as  the  ground,  towers,  vegetation,  buildings, 
vehicles,  and  people.  The  strength  of  the  vertical  component  of  the  electric  field  at  a  height 
of  1  m  (3.28  ft)  is  frequently  used  to  describe  the  electric  field  under  transmission  lines.  The 
most  important  parameters  of  a  transmission  line  that  determine  the  electric  field  at  1-m 
height  are  conductor  height  above  ground  and  line  voltage. 

Calculations  of  electric  fields  from  transmission  lines  are  performed  with  computer  programs 
based  on  well-known  physical  principles  [cf.,  Deno  &  Zaffanella,  1982].  The  calculated 
values  usually  represent  an  ideal  situation  with  straight  parallel  conductors  over  a  flat  earth 
with  no  vegetation.  When  practical  conditions  approach  this  ideal  model,  measurements  and 
calculations  agree.  With  the  use  of  more  complex  models  or  empirical  results,  it  is  also 
possible  to  accurately  account  for  variations  in  conductor  height,  topography,  and  line  bends. 
Because  the  fields  from  different  sources  add  vectorially,  it  is  possible  to  compute  the  fields 
from  several  different  lines  if  the  electrical  and  geometrical  properties  of  the  lines  are  known. 

For  evaluation  of  electric  and  magnetic  fields  from  transmission  lines  it  is  necessary  to 
calculate  the  fields  for  a  specific  line  condition.  The  National  Electrical  Safety  Code  states  the 
condition  for  evaluating  electric-field-induced  short-circuit  current  for  lines  with  voltage 
above  98kV  line  to  ground  as  follows:  conductors  are  at  a  final  unloaded  sag,  at  a 
temperature  of  120°  F  (49°  C),  and  at  a  maximum  voltage  [NESC  (National  Electrical  Safety 
Code),  1990].  For  the  calculation  of  electric  and  magnetic  fields  from  the  proposed 
transmission  lines  the  maximum  operating  voltage,  the  maximum  continuous  current,  and 
the  minimum  conductor  clearances  at  a  conductor  tempera tvire  of  120°  F  (49°  C)  were 
supplied  by  Idaho  Power  Company.  Thus  these  calculations  represent  conditions  that  meet 
the  NESC  criteria. 

There  are  standard  techniques  for  measuring  transmission  line  electric  fields  [IEEE,  1987]. 
Provided  that  the  conditions  at  a  measurement  site  closely  approximate  the  ideal  situation 
assumed  for  calculations,  measurements  of  electric  field  agree  well  with  the  calculated  values. 
If  the  ideal  conditions  are  not  approximated,  the  measured  field  can  differ  substantially  from 
calculated  values.  Usually  the  actual  electric  field  at  ground  level  is  reduced  from  the 
calculated  values  because  of  shielding  by  various  common  objects. 

Maximum  or  peak  field  values  would  occur  over  a  small  area  at  midspan  where  the 
conductor  clearance  is  lowest.   As  the  location  of  an  electric  field  profile  approaches  a  tower, 
the  conductor  clearance  increases,  and  the  peak  field  decreases.  Very  close  to  a  tower,  the 
electric  field  would  be  reduced  considerably  due  to  shielding  by  the  grounded  tower. 
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The  electric  fields  at  the  edge  of  the  right-of-way  are  not  as  sensitive  to  conductor  height  as 
is  the  peak  field.  Computed  values  at  the  edge  of  the  right-of-way  for  any  line  height  are 
fairly  representative  of  what  can  be  expected  all  along  the  transmission  line  corridor.   For 
narrow  rights-of-way,  however,  the  edge  of  the  right-of-way  field  can  vary  along  the  length 
of  a  span.  In  this  case,  the  fields  can  be  calculated  for  various  conductor  clearances  to 
determine  the  largest  value. 


Calculated  Values 

The  calculated  values  of  electric  field  at  1  m  height  for  the  proposed  Southwest  Intertie 
Project  500kV  single  circuit  transmission  line  are  given  in  Table  EMF-2.  The  peak  value  on 
the  right-of-way  and  the  value  at  the  edge  of  the  right-of-way  are  given  for  the  proposed  line 
and  for  the  existing  corridors.  Lateral  profiles  for  electric  field  from  the  proposed  line  are 
shown  in  Figure  EMF-3. 

The  peak  field  expected  on  the  right-of-way  of  the  proposed  line  is  8.4  kV/m.   As  shown  in 
Figure  EMF-3,  the  peak  values  would  be  present  only  at  locations  directly  under  the  line  near 
mid-span  with  the  conductors  at  the  minimum  clearance.  The  conditions  of  minimum 
conductor  clearance  at  maximum  current  and  maximum  voltage  occur  very  infrequently. 
The  largest  values  expected  at  the  edge  of  the  right-of-way  of  the  proposed  line  are  2  kV/m. 

The  calculated  peak  electric  fields  along  the  existing  corridors  depend  on  the  voltage  of  the 
existing  line  and  range  from  1.9  to  IH  kV/m.  The  values  at  the  edge  of  the  existing  right-of- 
way  also  depend  on  the  voltage  of  the  existing  line(s)  and  range  from  less  than  1  to  2.3 
kV/m,  The  highest  peak  and  edge  of  right-of-way  values  for  the  existing  corridors  are 
associated  with  the  Midpoint-Summer  Lake  500kV  line  (Cases  7  and  8). 

The  parallel  dc  line  in  Case  12  generated  dc  electric  fields  that  would  be  superimposed  on 
the  ac  fields  from  the  proposed  line.  This  would  change  the  peak  absolute  value  of  the  field 
but  would  not  affect  the  60  Hz  field  and  the  magnitude  of  induction  effects. 

The  electric  field  levels  calculated  for  the  proposed  line  are  comparable  with  levels  from 
typical  500kV  transmission  lines  and  the  edge  of  right-of-way  levels  are  less  than  those  from 
the  parallel  500kV  line  in  Cases  7  and  8. 


Environmental  Electric  Fields 

Sources  of  60-Hz  electric  and  magnetic  fields  exist  everywhere  that  electricity  is  used,  and 
levels  of  these  fields  in  the  modem  environment  vary  over  a  wide  range.   Field  levels 
associated  with  the  use  of  electrical  energy  are  orders  of  magnitude  greater  than  naturally 
occurring  ac  fields. 

Electric  fields  in  publicly  accessible  places  range  from  less  than  1  volt/meter  (V/m)  to  over 
10  kV/m,  the  latter  value  being  in  proximity  to  high  voltage  transmission  Unes  of  500kV  or 
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higher  voltage.   In  remote  areas  without  electrical  service,  60-Hz  field  levels  are  even  lower 
than  1  V/m:   the  natural  electric  field  at  60-Hz  is  about  lO"^  V/m. 

Numerous  measurements  of  residential  electric  fields  have  been  reported  for  various  parts  of 
the  United  States  (U.S.),  Canada  and  Europe.  There  has  been  no  systematic  approach  to 
sampling  homes  and  measuring  electric  field  exposure.   However,  area  measurements  and  a 
few  sets  of  personal  exposure  measurements  are  now  sufficient  to  indicate  a  degree  of 
consistency.   [Bracken,  1988] 

Measurements  of  domestic  60-Hz  electric  fields  indicate  that  levels  are  highly  variable  and 
source  dependent.  Because  of  shielding,  perturbation  by  conducting  objects,  and  numerous 
localized  sources,  electric  fields  are  not  easily  predicted.  Sources  internal  to  residences  seem 
to  predominate  in  producing  electric  fields  inside  houses.   Average  measured  electric  fields  in 
residences  are  generally  in  the  range  of  5  to  20  V/m. 

Electric  fields  from  household  appliances  are  localized  and  decrease  rapidly  with  distance 
from  the  source.   Local  electric  fields  1  foot  from  small  household  appliances  are  typically  in 
the  range  of  30  to  60  V/m.   At  0.3  m  from  an  electric  blanket,  a  field  of  250  V/m  was 
measured  [Sheppard  &  Eisenbaum,  1977].  Stopps  and  Janischewskyj  [1979]  reported  electric 
field  measurements  near  20  different  appliances.   At  0.3  m  from  the  devices,  fields  ranged 
from  1  to  150  V/m  with  a  mean  of  33  V/m.   In  another  survey,  measurements  0.3  m  from 
common  domestic  and  workshop  sources  yielded  fields  from  3  to  70  V/m  [Deno  & 
Zaffanella,  1982]. 

Florig  [1986]  performed  extensive  empirical  and  theoretical  analysis  of  electric  field  exposure 
from  electric  blankets.   Depending  on  what  parameter  was  chosen  to  represent  intensity  of 
exposure  and  the  grounding  status  of  the  subject,  the  equivalent  vertical  60-Hz  electric  field 
exposure  ranged  from  20  to  over  3500  V/m.  The  largest  equivalent  field  corresponds  to  the 
measured  field  on  the  thorax  with  the  blanket  user  grounded.  The  average  field  on  the 
thorax  of  an  ungrounded  blanket-user  yields  an  equivalent  vertical  field  of  960  V/m. 

The  localized  fields  from  appliances  are  not  uniform  and  care  should  be  taken  in  comparing 
them  with  transmission  line  fields.  In  addition,  appliance  fields  may  be  modified  by  charge 
redistribution  induced  by  the  presence  of  conducting  bodies. 

Characterization  of  electric  fields  in  the  work  environment  has  been  mainly  limited  to  the 
utility  industry  where  high  voltage  equipment  is  present.   Levels  of  unperturbed  electric  field 
depend  on  the  voltage  class  of  the  equipment,  proximity  to  the  energized  conductors,  the 
presence  of  conducting  objects,  and  distance  above  the  ground.  Typical  maximum  values  of 
electric  field  are  given  in  Table  EMF-3  for  various  utility  installations  at  different  system 
voltages. 

The  values  in  Table  EMF-3  are  included  to  indicate  the  maximum  60-Hz  electric  fields  in  an 
occupational  setting.  The  range  of  fields  in  a  high-voltage  substation  or  similar  facility  is 
very  great  and  a  single  number  cannot  characterize  the  fields.   In  a  substation,  the  electric 
fields  in  most  areas  are  considerably  reduced  from  levels  shown  in  Table  EMF-3. 
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Proposed  SOOkV  transmission  line 
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Generally,  occupations  that  are  not  directly  related  to  high  voltage  equipment  experience 
electric  fields  comparable  with  residential  exposures.   For  example,  the  average  electric  field 
measured  in  14  commercial  and  retail  locations  in  rural  Wisconsin  and  Michigan  was  4.8 
V/m.  [ITT  Research  Institute,  1984]   Median  electric  field  was  about  3.4  V/m.  These  values 
are  about  one  third  the  values  in  residences  reported  in  the  same  study.  Power-frequency 
electric  fields  near  video  display  terminals  are  about  10  V/m,  similar  to  other  appliances 
[Harvey,  1983]. 

Using  a  small  60-Hz  dosimeter,  Deadman  et  al.  [1988]  measured  occupational  exposures  over 
a  one  week  period  for  20  utility  workers  and  16  office  workers.  The  geometric  mean  of  the 
weekly  exposures  during  work  for  the  20  utility  workers  was  48.3  V/m  compared  to  4.9  V/m 
for  the  office  workers.  The  transmission  linemen  (n=2,  420  V/m)  had  the  highest  geometric 
mean  exposures.  These  results  are  consistent  with  previous  studies  that  used  less 
sophisticated  instrumentation. 

Thus,  except  for  the  relatively  few  occupations  where  high  voltage  sources  are  prevalent, 
electric  fields  encountered  in  the  workplace  are  probably  similar  to  residential  exposures. 
Electric  fields  found  in  publicly  accessible  areas  near  high  voltage  transmission  lines  can 
range  up  to  12  kV/m  for  the  highest  voltage  lines.  Table  EMF-4  lists  typical  peak  and  edge- 
of-right-of-way  levels  for  electric  fields  near  transmission  facilities.  These  levels  are 
considerably  higher  than  the  levels  found  in  other  public  areas. 

As  expected,  electric  fields  in  publicly  accessible  outdoor  areas  are  related  to  the  proximity  of 
transmission  and  distribution  systems.   Electric  fields  in  public  buildings  appear  to  be 
comparable  with  residential  levels. 

Magnetic  Field 

Magnetic  fields  can  be  characterized  by  the  force  they  exert  on  a  moving  charge  or  on  an 
electrical  current.   Magnetic  field  is  a  vector  quantity  that  is  characterized  by  both  magnitude 
and  direction.   Electrical  currents  are  sources  of  magnetic  fields.   In  the  case  of  transmission 
lines,  distribution  lines,  house  wiring  and  appliances,  the  60-Hz  electric  current  flowing  in 
the  conductors  is  a  source  of  a  time- varying  (60-Hz)  magnetic  field  in  the  vicinity  of  these 
sources.  The  strength  of  a  magnetic  field  is  measured  in  terms  of  magnetic  lines  of  force  per 
unit  area  or  magnetic  flux  density.  The  term  magnetic  field,  as  used  here,  is  synonymous 
with  magnetic  flux  density  and  is  expressed  in  units  of  gauss  (G)  or  milligauss  (mG). 

The  uniformity  of  a  magnetic  field  depends  on  the  nature  and  proximity  of  the  source,  just  as 
the  uniformity  of  an  electric  field  does.  Transmission  line  generated  magnetic  fields  are 
quite  uniform  over  distances  of  a  few  meters  near  the  ground.   However,  for  small  sources 
such  as  appliances,  the  magnetic  field  decreases  rapidly  over  distances  comparable  with  the 
size  of  the  device. 

The  interaction  of  a  time-varying  magnetic  field  with  conductors  occurs  principally  through 
the  induction  of  electric  currents  in  accordance  with  Faraday's  law:   a  changing  magnetic 
field  through  an  area  generates  a  voltage  around  the  loop  enclosing  the  area.  The  induced 
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current  that  flows  in  the  loop  is  dependent  on  the  conductivity  of  the  loop.  This  is  the 
physical  basis  for  the  operation  of  an  electrical  transformer.  For  a  time-varying  sinusoidal 
magnetic  field,  the  magnitude  of  the  induced  voltage  around  the  loop  is  proportional  to  the 
area  of  the  loop,  the  frequency  of  the  field,  and  the  magnitude  of  the  field.  The  induced 
voltage  around  the  loop  results  in  an  induced  electric  field  and  current  flow  in  the  loop 
material. 


Transmission  Line  Magnetic  Fields 

The  magnetic  field  generated  by  currents  on  transmission  line  conductors  extends  from  the 
conductors  through  the  air  and  into  the  ground.  The  magnitude  of  the  field  at  a  height  of  1 
m  (3.28  ft)  is  frequently  used  to  describe  the  magnetic  field  under  transmission  lines. 
Because  the  magnetic  field  is  not  affected  by  non-ferrous  materials,  the  field  is  not  influenced 
by  normal  objects  on  the  ground  under  the  line.  The  direction  of  the  maximum  field  varies 
with  location.   This  is  in  contrast  to  the  electric  field  which  is  essentially  vertical  near  the 
groimd.  The  most  important  parameters  of  a  transmission  line  that  determine  the  magnetic 
field  at  1  m  height  are  conductor  height  above  ground  and  the  currents  in  the  conductors. 

Calculations  of  magnetic  fields  from  transmission  lines  are  performed  using  well  known 
physical  principles,   [cf.,  Deno  &  Zaffanella,  1982]  The  calculated  values  usually  represent 
the  ideal  straight  parallel  conductor  configuration.   For  simplicity  a  flat  earth  is  usually 
assumed.  Balanced  currents,  i.e.  currents  of  the  same  nnagnitude  for  each  phase  are  also 
assumed.  This  is  usually  valid  for  transmission  lines  where  balanced  loads  on  all  three 
phases  are  maintained  during  operation.   Induced  image  currents  in  the  earth  are  usually 
ignored  for  calculations  of  magnetic  field  under  or  near  the  right-of-way.  The  resulting  error 
is  negligible.  Only  at  distances  greater  than  300  feet  from  a  line  do  such  contributions 
become  significant.   [Deno  &  Zaffanella,  1982]   Unless  the  direction  of  power  flow  is  known, 
the  currents  for  equivalent  phases  on  different  lines  have  been  assumed  to  be  in  the  same 
direction. 

The  clearance  for  magnetic  field  calculations  is  taken  as  the  same  as  for  electric  fields  that  is 
specified  in  the  NESC:  namely,  the  clearance  at  a  conductor  temperature  of  120°  F  (49°  C). 

Standard  techniques  for  measuring  magnetic  fields  near  transmission  lines  are  described  in 
ANSI  IEEE  Standard  No.  644-1987  [1987].   Measured  magnetic  fields  agree  well  with 
calculated  values  provided  the  currents  and  line  heights  that  go  into  the  calculation 
correspond  to  the  actual  values  for  the  line.  To  realize  such  agreement,  it  is  necessary  to  get 
accurate  current  readings  during  field  measurements  because  currents  on  transmission  lines 
can  vary  considerably  over  short  periods  of  time. 

As  with  electric  fields,  the  maximum  or  peak  magnetic  fields  occur  in  areas  near  the 
centerline  and  at  midspan  where  the  conductors  are  the  lowest.   If  more  than  one  line  is 
present,  the  peak  field  would  depend  on  the  relative  electrical  phasing  of  the  conductors. 
The  magnetic  field  at  the  edge  of  the  right-of-way  is  not  very  dependent  on  line  height. 
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Calculated  Values 

The  calculated  values  of  magnetic  field  at  1  m  height  for  the  proposed  and  existing  lines  are 
given  in  Table  EMF-5.  Field  values  on  the  right-of-way  and  at  the  edge  of  the  right-of-way 
are  given  for  average  and  maximum  continuous  current  conditions.  Lateral  profiles  of 
maximum  magnetic  field  under  average  and  maximum  conditions  are  given  in  Figure  EMF-4 
for  the  proposed  SOOkV  lines  alone  and  with  an  existing  345kV  line  (Case  4).  The  actual 
magnetic  field  levels  would  vary  considerably  as  current  on  the  lines  varies. 

The  peak  magnetic  field  expected  on  the  right-of-way  of  the  proposed  line  under  average 
current  conditions  is  118  mG.  The  peak  calculated  magnetic  field  under  the  existing  lines 
with  average  current  is  133  mG  for  the  existing  Midpoint-Summer  Lake  SOOkV  line  (Cases  7 
and  8).  Under  maximum  continuous  current  conditions  which  might  be  experienced  over 
short  periods  during  the  year,  the  peak  fields  on  the  proposed  right-of-way  would  be  230-237 
mG  depending  on  the  corridor.   The  peak  fields  under  the  existing  Midpoint-Summer  Lake 
SOOkV  lines  is  277  mG. 

The  parallel  dc  line  in  Case  12  generates  dc  magnetic  fields  similar  to  the  earth's  field.  This 
dc  magnetic  field  would  be  superimposed  on  the  60-Hz  field  from  the  proposed  line. 
However,  just  as  the  earth's  field  does  not  affect  the  60-Hz  field,  the  magnetic  field  from  the 
dc  line  would  not  impact  the  60-Hz  field  or  the  currents  induced  by  the  60-Hz  field. 

At  the  edge  of  the  right-of-way  near  the  proposed  line,  the  calculated  fields  for  average 
current  load  conditions  are  27  to  31  mG  depending  on  the  corridor.  The  fields  at  the  other 
edge  of  the  corridor  range  from  4  to  40  mG.  Under  maximum  continuous  current  conditions, 
the  field  at  the  edge  of  the  right-of-way  nearest  the  proposed  line  ranges  from  55  to  62  mG. 
At  the  other  edge  of  the  right-of-way  the  fields  range  from  9  to  74  mG. 

The  magnetic  field  levels  associated  with  the  proposed  line  configurations  are  generally 
comparable  with  fields  from  the  existing  SOOkV  line  along  a  portion  of  the  route  and  from 
other  SOOkV  transmission  lines  as  characterized  in  Table  EMF-4.  The  levels  at  the  edge  of  the 
right-of-way  are  comparable  to  the  fields  measured  one  foot  away  from  some  small 
appliances  such  as  hair  dryers,  electric  shavers,  mixers,  and  portable  heaters.   [Gauger,  1985] 
At  a  distance  of  200  feet  from  the  edge  of  the  right-of-way  the  fields  from  the  proposed  line 
are  3  and  6  mG  for  average  and  maximum  current  conditions,  respectively. 

Environmental  Magnetic  Fields 

Transmission  lines  are  not  the  only  source  of  magnetic  fields.   As  with  60-Hz  electric  fields, 
60-Hz  magnetic  fields  are  present  throughout  the  environment  of  a  society  that  relies  on 
electricity  as  a  principal  energy  source.  The  range  of  60-Hz  magnetic  field  exposures  in 
publicly  accessible  locations  is  from  less  than  0.1  mG  to  about  10  G.   At  60  Hz,  the 
magnitude  of  the  natural  magnetic  field  is  approximately  5  x  10'^  G. 

Several  investigations  of  residential  fields  have  been  conducted  with  the  most  extensive  being 
in  conjunction  with  epidemiological  studies.  Short-term  measurements  of  magnetic  fields  in 
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483  residences  in  the  Denver  area  resulted  in  mean  fields  of  0.76  mG  (Standard  Deviation 
(SD)  -  0.79  mG)  under  low-power  conditions,  that  is,  with  all  appliances  and  lights  off 
[Savitz,  1987].   Approximately  six  percent  of  the  low-power  residences  had  fields  greater  than 
2.5  mG.  The  high-power  (appliances  and  lights  on)  mean  fields  for  481  residences  were  1.05 
mG  (SD  -  1.3  mG)  [Savitz,  1987].  The  average  low-power  magnetic  field  for  the  133 
residences  with  buried  cable  electrical  service  in  the  study  was  0.49  mG  (SD  =  0.53  mG). 

Kaune  et  al.  [1987]  reported  on  24-hour  magnetic  field  measurements  made  in  43  residences 
in  the  Seattle  area.  The  mean  for  these  measurements  was  1.0  mG  (median  =  0.6  mG;  SD  = 
1.2  mG).  The  magnetic  field  data  demonstrated  a  diurnal  variation  that  was  coincident  with 
utility  loads:  peak  values  at  8  am  and  6-7  pm  and  minimum  values  very  early  in  the 
morning.   No  correlation  with  individual  power  consumption  was  observed.  The  Denver 
and  Seattle  studies  both  concluded  that  the  predominant  sources  of  residential  magnetic 
fields  are  external  and  that  ground  return  currents  could  be  an  important  source  of 
residential  magnetic  fields. 

An  extensive  domestic  magnetic  field  data  collection  effort  by  Silva  et  al.  [1988]  included 
measurements  in  91  different  buildings  in  six  states.   For  all  rooms,  the  mean  resultant  field 
measured  at  head  level  was  1.1  mG  (SD  =  2.5  mG)  with  a  maximum  value  of  63  mG.  There 
was  a  difference  between  mean  field  levels  depending  on  the  house  grounding  scheme. 
Thirty-one  residences  with  a  local  ground  rod  had  average  vertical  fields  of  0.65  mG 
compared  to  an  average  of  1.9  mG  for  twelve  residences  with  a  water  system  ground. 
Residences  with  overhead  electric  service  (n  =  60)  had  a  mean  field  of  0.7  mG  (SD  =1.2  mG), 
while  homes  with  underground  service  (n  =  26)  had  a  mean  field  of  0.5  mG  (SD  =  1.1  mG). 

Magnetic  fields  from  appliances  are  localized  and  decrease  rapidly  with  distance  from  the 
source.   Localized  60-Hz  magnetic  flux  densities  have  been  measured  near  approximately  100 
household  appliances  such  as  ranges,  refrigerators,  electric  drills,  food  mixers  and  shavers 
[Gauger,  1985].  At  a  distance  of  0.3  m,  the  maximum  magnetic  field  ranged  from  0.3  to  270 
mG  with  95  percent  of  the  measurements  below  100  mG.   Ninety-five  percent  of  the  levels  at 
a  distance  of  1.5  m  were  less  than  1  mG.  Devices  that  use  light-weight,  high-torque  motors 
with  little  magnetic  shielding  exhibited  the  largest  fields.  These  included  vacuum  cleaners 
and  small  handheld  appliances  and  tools.   Microwave  ovens  with  large  power  transformers 
also  exhibited  relatively  large  fields.   Electric  blankets  have  been  a  much  studied  source  of 
magnetic  field  exposure  because  of  the  time  they  are  used  and  because  of  the  close  proximity 
to  the  body.   Florig  and  Hoburg  [1988]  estimated  that  the  average  magnetic  field  in  a  person 
using  an  electric  blanket  was  15  mG  and  the  maximum  field  could  be  100  mG. 

In  a  domestic  magnetic  field  survey,  Silva  et  al.  [1988]  measured  fields  near  different 
appliances  at  locations  typifying  normal  use:   e.g.  sitting  at  a  typewriter  or  standing  at  a 
stove.  Specific  appliances  with  relatively  large  fields  were: 

•  can  openers  (n  =  9)  with  typical  fields  ranging  from  30  to  225  mG  and  a 
maximum  value  up  to  2.7  G 

•  shavers  (n  =  4)  with  typical  fields  from  50  to  300  mG  and  maximum  fields  up  to 
6.9  G 
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Proposed  500kV  transmission  line 
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•  electric  drills  with  typical  fields  from  56  to  190  mG  and  maximum  fields  up  to 
1.5  G. 

Clearly,  instantaneous  magnetic  field  levels  in  close  proximity  to  small  handheld  appliances 
can  exceed  average  area  levels  in  residences  by  orders  of  magnitude. 

Although  studies  of  residential  nnagnetic  fields  have  not  all  considered  the  same  independent 
parameters,  a  consistent  characterization  of  residential  magnetic  fields  emerges  from  the  data: 

•  External  sources  play  a  large  role  in  determining  residential  magnetic  field  levels. 
Transmission  lines,  when  nearby,  are  an  important  external  source.   Ground 
currents  in  proximity  to  the  house  appear  to  represent  a  significant  source  of 
magnetic  field.   Distribution  lines  per  se,  unless  they  are  quite  close  to  a 
residence,  do  not  appear  to  be  a  traditional  distance-dependent  source. 

•  Homes  with  overhead  electrical  service,  appear  to  have  higher  average  fields  than 
those  with  underground  service. 

•  Appliances  represent  a  localized  source  of  magnetic  fields  which  can  be  much 
higher  than  average  or  area  fields.  However,  fields  from  appliances  approach 
area  levels  at  distances  greater  than  one  meter  from  the  device. 

Although  important  variables  in  determining  residential  magnetic  fields  have  been  identified, 
quantification  and  modeling  of  their  influence  on  fields  at  specific  locations  is  not  yet 
possible.   However,  a  general  characterization  of  residential  magnetic  field  level  is  possible: 
Average  levels  in  the  United  States  are  in  the  range  of  0.5  to  1.0  mG  with  a  small  number  of 
homes  exceeding  this  by  as  much  as  an  order  of  magnitude  or  more.   Fields  near  appliances 
can  be  much  higher:   up  to  several  hundred  milligauss. 

Magnetic  fields  in  commercial  and  retail  locations  are  comparable  with  those  in  residences. 
As  in  the  case  of  appliances,  certain  equipment  or  machines  can  be  a  local  source  of  higher 
magnetic  fields.  Utility  workers  who  work  close  to  transformers,  generators,  cables, 
transmission  lines,  and  distribution  systems  clearly  experience  high  fields.  Other  sources  of 
fields  in  the  workplace  include  motors,  welding  machines,  computers  and  video  display 
terminals. 

Because  high  current  sources  of  magnetic  field  are  more  prevalent  than  high  voltage  sources, 
occupational  environments  with  relatively  high  magnetic  fields  encompass  a  more  diverse  set 
of  occupations  than  do  those  with  high  electric  fields.   For  example,  in  occupational  magnetic 
field  measurements  reported  by  Bowman  et  al.  [1988],  the  geometric  mean  field  from  105 
measurements  of  magnetic  field  in  "electrical  worker"  job  locations  was  5.0  mG.   "Electrical 
worker"  environments  that  showed  elevated  magnetic  field  levels  (i.e.,  geometric  mean 
greater  than  20  mG)  were: 

•  industrial  power  supply  for  an  electrician  (n  =  1),  103  mG 

•  underground  (n  =  3)  and  overhead  (n  =  2)  lines  for  powerline  workers,  57  and  42 
mG,  respectively 
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•  ac  welding  machine  for  welders  (n  =  4),  41  mG 

•  transmission  (n  =  3)  and  distribution  (n  =  3)  stations  for  power  station  operators, 
39  and  29  mG,  respectively 

•  sputtering  systems  for  electronic  assemblers  (n  =  2),  24  mG. 

For  secretaries  in  the  same  study  the  geometric  mean  field  was  3.1  mG  for  those  using  video 
display  terminals  (n  =  6)  and  1.1  mG  for  those  not  using  VDT's  (n  =  3). 

In  a  Canadian  study,  the  geometric  mean  of  the  time-weighted  average  field  for  the  weekly 
work  exposure  of  20  utility  workers  was  16.6  mG  compared  to  1.6  mG  for  16  office  workers 
[Deadman  et  al.,  1988].  The  geometric  mean  field  for  the  office  environment  was  comparable 
to  that  observed  during  non-work  periods  for  office  workers  and  comparable  to  that  for  both 
groups  during  sleep  when  the  exposure  meter  was  not  worn. 

Typical  maximum  magnetic  fields  in  publicly  accessible  areas  near  transmission  facilities  are 
given  in  Table  EMF-4.   Magnetic  fields  near  high  voltage  transmission  lines  are  dependent  on 
the  current  in  the  line  and  so  can  vary  daily  and  seasonally.   Variations  in  load  currents  are 
probably  the  largest  factor  contributing  to  the  uncertainty  in  magnetic  field  levels.   Heroux 
[1987]  measured  60-Hz  magnetic  fields  with  a  mobile  platform  along  223  km  of  roads  in 
Montreal.  The  median  field  level  averaged  over  nine  different  routes  was  1.6  mG  with  90 
percent  of  the  measurements  less  than  about  5.1  mG.  Spot  measurements  indicated  that 
typical  fields  above  underground  distribution  systems  were  5  to  19  mG.  Beneath  overhead 
distribution  lines,  typical  fields  were  1.5  to  5  mG  on  the  primary  side  of  the  transformer  and 
4  to  10  mG  on  the  secondary  side.   At  the  surface  of  distribution  poles,  the  magnetic  field 
ranged  from  10  to  100  mG  depending  on  structure  type.  Near  ground-based  transformers 
used  in  residential  areas,  fieldis  were  0.08  to  1  G  at  the  surface  and  0.01  to  0.1  G  at  a  distance 
of  0.3  m. 

Magnetic  fields  in  publicly  accessible  outdoor  areas  seem  to  be,  as  expected,  directly  related 
to  proximity  to  power  transmission  and  distribution  facilities.   Near  such  facilities  magnetic 
fields  appear  to  be  higher  than  indoor  residential  levels.   In  indoor  publicly  accessible  areas, 
such  as  offices  and  stores,  field  levels  are  generally  comparable  with  residential  levels  unless 
a  high  current  source  is  nearby. 

The  magnetic  fields  from  the  proposed  500-Kv  line  are  generally  comparable  with  the 
magnetic  fields  from  existing  lines  of  the  same  voltage  class.  Thus,  near  the  proposed  line, 
the  magnetic  fields  from  the  proposed  line  would  be  well  above  average  residential  levels. 
However,  the  fields  from  the  line  would  decrease  rapidly  and  approach  common  ambient 
levels  at  distances  greater  than  a  few  hundred  feet  from  the  line.   Furthermore,  the  fields  at 
the  edge  of  the  right-of-way  would  not  be  above  those  encountered  during  normal  activities 
near  common  sources. 
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Regulations 

There  is  currently  no  national  standard  in  the  United  States  for  power  frequency  electric  and 
magnetic  fields.   However,  several  states  have  been  active  in  establishing  mandatory  or 
suggested  limits  on  60-Hz  electric  and,  in  two  cases,  magnetic  fields.  Seven  states  have 
specific  electric  field  limits  that  apply  to  transmission  lines:   Florida,  Minnesota,  Montana, 
New  Jersey,  New  York,  North  Dakota,  and  Oregon.  These  regulations  are  summarized  in 
Table  EMF-6,  adapted  from  TDHS  Report  [1989].   Florida  and  New  York  have  established 
regulations  for  magnetic  fields. 

Electric-field  limits  for  the  states  have  been  given  in  terms  of  maximum  field  or  edge-of-right- 
of-way  field,  or  both.   Except  for  Florida,  regulations  have  not  explicitly  stated  the  operating 
conditions  under  which  the  limits  apply.  The  Florida  regulation  was  adopted  after  extensive 
public  hearings  and  controversy.  The  law  states:   "Although  there  is  no  conclusive  evidence 
that  there  is  any  danger  or  hazard  to  public  health  at  levels  of  existing  60  hertz  electric  and 
magnetic  fields  found  in  Florida,  there  is  evidence  of  a  potential  for  adverse  health  effects  on 
the  public.   Further  research  is  needed  to  determine  if  there  are  effects  and  the  exposure 
levels  at  which  effects  may  occur."   [Florida  Department  of  Environmental  Regvilation,  1989] 
The  Florida  electric  field  strength  standard  is  based  on  1 )  the  avoidance  of  perception  of  the 
field  at  the  edge  or  on  the  right-of-way  and  on  2)  the  levels  near  existing  facilities.  The 
electric  field  strength  limit  in  Florida  has  been  set  at  2  kV/m  at  the  edge  of  the  right-of-way 
and  8  kV/m  on  the  right-of-way  for  230kV  or  smaller  lines.   For  500kV  lines  the  electric  field 
shall  not  exceed  10  kV/m  on  the  right-of-way. 

The  Florida  magnetic  field  limit  at  the  edge  of  the  right-of-way  is  150  mG  for  lines  of  230kV 
or  less  and  200  mG  for  500kV  lines. 

The  Minnesota  8  kV/m  maximum  field  limit  is  applied  on  a  case-by-case  basis  by  the 
Minnesota  Environmental  Quality  Board  (MEQB)  which  has  jurisdiction  over  lines  of  nominal 
voltage  200kV  and  higher.  The  limit  is  included  in  Construction  Permits  granted  by  the 
MEQB  rather  than  in  a  formal  rule  [e.g.,  Minnesota  Environmental  Quality  Board  (MEQB), 
1977].   Minnesota  does  not  have  an  edge-of-right-of-way  field  limit. 

The  Montana  Board  of  Natural  Resources  and  Conservation  (BNRC)  imposed  a  1  kV/m 
electric-field  limit  at  the  edge  of  the  right-of-way  in  residential  and  subdivided  areas  for  the 
Bonneville  Power  Administration  Garrison-Spokane  500kV  Transmission  Project  [BNRC, 
1983].   The  administrative  rules  incorporating  this  requirement  were  adopted  in  1984 
[Jamison,  1986].  These  rules  apply  to  lines  designed   for  operation  at  69kV  and  higher, 
over  which  the  BNRC  has  routing  authority.   An  affected  landowner  may  waive  the  1  kV/m 
requirement.   An  additional  requirement  in  the  rules  is  a  7  kV/m  limit  at  road  crossings. 
The  1  kV/m  electric-field  limit  was  adopted  because  of  the  degree  of  protection  and 
assurance  to  the  public  it  provided  and  because  of  the  small  amount  of  additional  right-of- 
way  required  [Jamison,  1986].   Although  Montana  does  not  have  a  magnetic-field  limit,  the 
imposition  of  the  1  kV/  m  electric-field  limit  assures  that  edge-of-right-of-way  magnetic 
fields  would  be  less  than  .050  gauss  [Jamison,  1986]. 
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In  New  Jersey  the  Department  of  Environmental  Protection  (NJDEP),  Bureau  of  Radiation 
Protection,  established  interim  guidelines  for  maximum  field  levels  at  the  edge  of  the  right- 
of-way  [New  Jersey  Commission  on  Radiation  Protection  (NJDEP),  1981].  Their  3  kV/m  limit 
is  in  the  form  of  a  resolution  and  is  not  enforced  but  rather  serves  as  a  guideline  for 
evaluating  complaints. 

The  New  York  edge-of-right-of-way  electric  field  limit  resulted  from  the  extensive  public 
hearings  on  765kV  lines  before  the  New  York  Public  Service  Commission  (NYPSC)  from  1975 
to  1977.  The  opinions  issued  by  the  NYPSC  in  this  case  required  that  the  interim  edge-of- 
right-of-way  electric-field  limit  be  equivalent  to  that  for  345kV  lines  [New  York  State  Public 
Service  Commission  (NYPSC),  1978a;  New  York  State  Public  Service  Commission  (NYPSC), 
1978b].  This  resulted  in  an  edge-of-right-of-way  limit  of  approximately  1.6  kV/m.  This  limit 
was  explicitly  implemented  by  specification  of  a  350-foot  right-of-way  width  for  765kV  lines. 
In  addition,  electric  fields  on  public  roads,  private  roads,  and  other  terrain  were  limited  to  7, 
11,  and  11.8  kV/m,  respectively.  These  values  were  intended  to  limit  the  induced  current  to 
the  largest  anticipated  vehicle  to  4.5  mA.   The  NYPSC  also  required  that  the  utilities  involved 
fund  additional  research  in  the  area  of  biological  effects  of  electric  and  magnetic  fields.  The 
final  report  of  the  New  York  State  Scientific  Advisory  Program  was  issued  in  1987  [Ahlbom 
&  et  al.,  1987].   New  York  adopted  an  edge-of-right-of-way  magnetic  field  standard  of  200 
mC  in  August  1990  [TDHS  Report,  1990]. 

The  North  Dakota  Public  Service  Commission  (NDPSC)  has  used  an  informal  requirement  of 
9  kV/m  maximum  field  strength  for  transmission  lines  in  that  state  [Banks,  1986].   This  level 
is  not  explicitly  cited  in  its  orders.  However,  the  NDPSC  has  addressed  the  question  of 
adverse  health  effects  directly  and  found  no  credible  evidence  which  demonstrates  any 
significant  adverse  biological  or  other  environmental  effects  of  transmission  lines  for  the 
transmission  lines  under  review. 

Oregon  has  a  formal  rule  in  its  transmission  line  siting  procedures  that  specifically  addresses 
field  limits.  The  Oregon  limit  of  9  kV/m  is  applied  to  areas  accessible  to  the  public  [Oregon, 
1980].   The  Oregon  rule  also  addresses  grounding  practices,  audible  noise,  and  radio 
interference. 

Government  agencies  operating  transmission  systems  have  established  design  criteria  which 
include  electric  field  levels.  BPA  has  maximum  allowable  fields  of  9  and  5  kV/m  on  and  at 
the  edge  of  the  right-of-way,  respectively  [Lee  et  al.,  1989].  BPA  also  has  maximum- 
allowable  electric  field  strengths  of  5  kV/m,  3.5  kV/m,  and  2.5  kV/m  for  road  crossings, 
shopping  center  parking  lots,  and  commercial/industrial  parking  lots,  respectively.  These 
levels  are  based  on  limiting  the  maximum  short-circuit  currents  from  anticipated  vehicles  to 
less  than  1  mA  in  shopping  center  lots  and  to  less  than  2  mA  in  commercial  parking  lots. 

The  peak  electric  fields  from  the  proposed  transmission  line  would  meet  all  state  regulatory 
limits  except  that  in  Minnesota.  The  edge  of  right-of-way  electric  fields  from  the  proposed 
line  would  meet  criteria  set  in  Florida  and  New  Jersey  but  not  those  established  in  New  York 
and  Montana.   The  magnetic  field  at  the  edge  of  the  right-of-way  from  the  proposed  line 
would  be  below  the  regulatory  levels  of  states  where  such  regulations  exist. 
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IMPACT  ASSESSMENT  AND  MITIGATION  PLANNING 
Field  Effects 

Possible  effects  associated  with  the  interaction  of  electric  and  magnetic  fields  from 
transmission  lines  with  people  on  and  near  a  right-of-way  fall  into  two  categories:   short  term 
effects  that  can  represent  a  nuisance  and  potential  long  term  health  effects.   Only  short  term 
effects  are  discussed  here. 


Electric  Fields:   Short-Term  Effects 

Short  term  effects  due  to  transmission  line  electric  fields  are  associated  with  perception  of 
induced  currents  and  voltages  or  perception  of  the  field.   Induced  current  or  spark  discharge 
shocks  can  be  experienced  under  certain  conditions  when  contacting  objects  in  an  electric 
field. 

Steady-state  currents  are  those  that  flow  continuously  after  a  person  contacts  an  object  and 
provides  a  path  to  ground  for  the  induced  current.   The  amplitude  of  the  steady-state  current 
is  dependent  on  the  induced  current  to  the  object  in  question  and  on  the  grounding  path. 
The  magnitude  of  the  induced  current  to  vehicles  and  objects  under  the  proposed  line  would 
depend  on  the  electric  field  strength  and  the  size  and  shape  of  the  object.   When  an  object  is 
electrically  grounded,  the  voltage  on  the  object  is  reduced  to  zero  and  it  is  not  a  source  of 
current  or  voltage  shocks.   If  the  object  is  poorly  grounded  or  not  grounded  at  all,  then  it 
acquires  some  voltage  relative  to  earth  and  is  a  possible  source  of  current  or  voltage  shocks. 

Induced  currents  are  always  present  in  electric  fields  under  transmission  lines  and  would  be 
present  near  the  proposed  line.   However,  during  line  construction,  Idaho  Power  Company 
routinely  grotmds  fences  and  metal  buildings  that  are  located  on  or  cross  the  right-of-way. 
This  eliminates  these  objects  as  sources  of  induced  current  and  voltage  shocks. 

Unlike  fences  or  buildings,  mobile  objects  such  as  vehicles  and  farm  machinery  cannot  be 
grounded  permanently.   Limiting  induced  currents  to  persons  from  such  objects  is 
accomplished  in  several  ways.   First,  required  clearances  from  ground  tend  to  limit  field 
strengths  to  levels  which  do  not  represent  a  hazard  or  nuisance.   The  National  Electric  Safety 
Code  [1990]  requires  that  sufficient  conductor  clearance  be  maintained  to  limit  the  induced 
short-circuit  current  in  the  largest  anticipated  vehicle  under  the  line  to  5  milliamperes  (mA) 
or  less.   This  can  be  accomplished  by  limiting  access  or  by  increasing  conductor  clearances  in 
areas  where  large  vehicles  could  be  present. 

For  the  proposed  line,  conductor  clearances  (120°  F  conductor  temperature)  over  road 
crossings  would  be  increased  to  45  feet  on  Interstate  highways  and  to  43  feet  on  other  roads, 
resulting  in  maximimi  fields  of  6.2  and  6.6  kV/m,  respectively.   The  largest  truck  permitted 
on  Interstate  highways  in  Idaho  and  Nevada  is  14  feet  high,  8  feet  wide  and  105  feet  long. 
The  induced  currents  to  such  a  vehicle  are  approximately  1.47  mA/kV/m  and  0.80 
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mA/(kV/m)  for  parallel  and  perpendicular  orientation  to  the  line,  respectively.   [Reilly,  1979] 
For  perpendicular  orientation  in  a  field  of  6.2  kV/m,  the  maximum  induced  current  would  be 
4.96  mA.   For  the  shorter  75-foot  trucks  that  can  travel  all  roads  and  highways,  the  induced 
currents  in  the  parallel  and  perpendicular  orientations  are  1.06  and  0.75  mA/(kV/m).  The 
maximum  induced  currents  to  such  a  truck  perpendicular  to  the  proposed  line  at  a  road 
crossing  would  therefore  be  4.95  and  4.65  mA  for  Interstate  and  other  highways,  respectively. 
Thus,  the  NESC  5  mA  criterion  would  be  met  for  perpendicular  road  crossings  of  the 
proposed  line.  These  brge  vehicles  are  not  anticipated  to  be  off  highways  nor  oriented 
parallel  to  the  proposed  line.  As  discussed  below,  these  are  worst  case  estimates  of  induced 
currents  and  conditions  for  their  occurrence  are  rare.  Idaho  Power  Company  would  check 
each  road  crossing  during  the  design  of  the  line  to  ensure  that  the  5  mA  criteria  is  met. 

Several  factors  tend  to  reduce  the  levels  of  induced  current  shocks  from  vehicles: 

•  activities  are  distributed  over  the  whole  right-of-way  and  only  a  small  percentage 
of  time  is  spent  in  areas  where  the  field  is  at  or  close  to  the  maximum  value 

•  at  road  crossings  vehicles  are  aligned  perpendicular  to  the  conductors  resulting  in 
a  substantial  reduction  in  induced  current 

•  the  conductor  clearance  at  road  crossings  may  not  be  at  minimum  values  because 
of  lower  conductor  temperatures  and /or  location  of  the  road  crossing  away  from 
midspan 

•  the  largest  vehicles  are  only  permitted  on  certain  highways 

•  off-road  vehicles  are  in  contact  with  soil  or  vegetation  which  reduces  shock 
currents  substantially 

Because  of  these  mitigating  factors,  it  is  likely  that  occurrence  of  steady-state  current  shocks 
under  the  proposed  line  would  be  infrequent. 

The  responses  of  persons  to  steady-state  current  shocks  have  been  extensively  studied  and 
levels  of  response  docimiented  [Keesey  &  Letcher,  1969;  IEEE,  1978].   Primary  shocks  are 
those  that  can  result  in  direct  physiological  harm.  Such  shocks  would  not  be  possible  from 
induced  currents  under  the  proposed  line.  Secondary  shocks  are  defined  as  those  that  could 
cause  an  involuntary  and  potentially  harmful  movement  but  cause  no  direct  physiological 
harm.  Such  shocks  can  occur  under  the  proposed  lines.  However,  such  occurrences  are 
anticipated  to  be  very  infrequent.  Shocks  when  they  occur  are  most  likely  to  be  at  a  nuisance 
level.  Such  shocks  are  very  unlikely  to  be  perceived  off  the  right-of-way. 

Induced  voltages  occur  on  objects  in  an  electric  field,  such  as  vehicles,  where  there  is  an 
inadequate  electrical  ground.   If  the  voltage  is  sufficiently  high,  then  a  spark  discharge  shock 
would  occur  as  contact  is  made  with  the  object.  Such  shocks  are  similar  to  "carpet"  shocks 
which  occur,  for  example,  when  touching  a  door  knob  after  walking  across  a  carpet  on  a  dry 
day.  The  number  and  severity  of  spark  discharge  shocks  depend  on  electric  field  strength. 
Based  on  the  low  frequency  of  complaints  reported  by  Glasgow  and  Carstensen  [1980]  for 
500kV  AC  transmission  lines  (one  complaint  per  year  for  each  1,500  miles  of  500kV  line), 
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nuisance  shocks,  which  are  primarily  spark  discharges,  do  not  appear  to  be  a  serious 
impairment  to  normal  activities  under  500kV  lines.  Thus,  for  the  proposed  500kV  line,  spark 
discharge  shocks  can  be  expected  to  occur  infrequently. 

Under  certain  conditions  the  electric  field  can  be  perceived  through  hair  movement  on  an 
upraised  hand  or  arm.  The  median  field  for  perception  in  this  manner  was  7  kV/m  for  136 
persons,  while  only  about  12%  could  perceive  fields  of  2  kV/m  or  less.   [Deno  &  Zaffanella, 
1982]   In  areas  under  the  conductors  at  midspan  the  fields  at  grotmd  level  under  the 
proposed  line  could  exceed  the  levels  where  field  perception  normally  occurs.  Such  fields 
would  occur  for  spans  where  the  conductor  clearance  was  near  the  minimum  design 
clearance.   In  these  instances,  field  perception  could  occur  on  the  right-of-way  of  the 
proposed  line.  Beyond  the  edge  of  the  right-of-way  it  is  very  unlikely  that  the  field  would  be 
perceived. 

Electric  field  reduction  and  the  accompanying  reduction  in  induced  effects  such  as  shocks 
also  occur  because  of  conductive  shielding.  Persons  inside  a  vehicle  cab  or  canopy  are 
shielded  from  the  electric  field.  Similarly,  a  row  of  trees  or  a  lower-voltage  distribution  line 
reduces  the  field  on  the  ground  in  their  vicinity.   Metal  pipes,  wiring  and  other  conductors  in 
a  residence  or  building  shield  the  interior  from  the  transmission  line  electric  field. 

Thus,  impacts  of  electric  field  coupling  can  be  mitigated  through  grounding  policies  and 
through  adherence  to  the  NESC.  Worst-case  levels  are  used  for  safety  analyses  but,  in 
practice,  currents  and  voltages  are  reduced  considerably  by  inadvertent  grounding.  Shielding 
by  conducting  objects,  such  as  vehicles  and  vegetation,  also  reduces  the  potential  for  electric 
field  effects. 


Magnetic  Field:   Short  Term  Effects 

Magnetic  fields  associated  with  transmission  and  distribution  systems  can  induce  voltage  and 
current  in  long  conducting  objects  that  are  parallel  to  the  transmission  line. 

A  fence,  irrigation  pipe,  pipeline,  electrical  distribution  line  or  telephone  line  forms  a 
conducting  loop  when  it  is  grounded.  The  earth  forms  the  other  portion  of  the  loop.   If  only 
one  end  of  the  fence  is  grounded  then  an  induced  voltage  appears  across  the  open  end  of  the 
loop.  The  possibility  for  a  shock  exists  if  a  person  closes  the  loop  at  the  open  end  by 
contacting  both  the  ground  and  the  conductor. 

Magnetically  induced  currents  from  power  lines  have  been  investigated  for  many  years,  and 
calculation  methods  and  mitigating  measures  are  available.  A  comprehensive  study  of  gas 
pipelines  near  transmission  lines  developed  prediction  methods  and  mitigation  techniques 
specifically  for  induced  voltages  on  pipelines  [Taflove  &  Dabkowski,  1979;  Dabkowski  & 
Taflove,  1979].   Similar  techniques  and  procedures  are  available  for  irrigation  pipes  and 
fences.  Grounding  policies  for  long  fences  reduce  the  potential  magnitude  of  induced  voltage. 

The  magnitude  of  the  coupling  with  both  pipes  and  fences  is  very  dependent  on  the  electrical 
unbalance  (unequal  currents)  between  the  three  phases  of  the  line.  Thus,  a  distribution  line 
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where  a  phase  outage  can  go  unnoticed  for  long  periods  of  time  can  represent  a  larger  source 
than  a  transmission  line  where  the  loads  are  well  balanced  [Jaffa  &  Stewart,  1981]. 

Knowledge  of  the  phenomenon,  grounding  practices,  and  the  availability  of  mitigation 
measures  mean  that  magnetic  induction  effects  from  the  proposed  500kV  line  would  be 
minimal.  To  a  great  extent,  mitigation  measures  would  already  be  in  place  along  the 
proposed  route  because  of  the  existing  parallel  transmission  lines.  Therefore  it  is  not 
anticipated  that  magnetically  induced  voltages  and  currents  would  have  an  impact  along  the 
proposed  line. 

Audible  Noise 

Audible  noise  represents  an  unwanted  sound,  be  it  from  a  transmission  line,  transformer, 
airport  or  vehicle  traffic.   Sound  is  a  pressure  wave  caused  by  a  sound  source  vibrating  or 
displacing  air.  The  ear  converts  the  pressure  fluctuations  into  auditory  sensations.   Audible 
noise  from  a  source  is  superimposed  on  the  background  or  ambient  noise  that  is  present 
before  the  source  is  introduced. 

The  amplitude  of  a  sound  wave  is  the  incremental  pressure  due  to  sound  above  atmospheric 
pressure.  The  sound  pressure  level  is  the  fundamental  measure  of  audible  noise  and  is 
generally  measured  on  a  logarithmic  scale  with  respect  to  a  reference  pressure.   The  sound 
pressure  level  (SPL)  in  decibels  (dB)  is  given  by: 

P 

SPL  =  20  log  —  dB 

Po 

where  P  is  the  effective  rms  (root  mean  square)  sound  pressure,  P^  is  the  reference  pressure 
and  the  logarithm  (log)  is  to  the  base  10.  The  reference  pressure  for  measurements  concerned 
with  hearing  is  usually  taken  as  20  Pa  (micropascals),  which  is  the  approximate  threshold  of 
hearing  for  the  human  ear.   A  logarithmic  scale  is  used  to  encompass  the  wide  range  of 
sound  levels  that  are  present  in  the  environment.  The  range  of  human  hearing  is  from  0  dB 
up  to  about  140  dB,  a  ratio  of  10''  in  pressure  [EPA,  1978]. 

Logarithmic  scales,  such  as  the  decibel  scale,  are  not  directly  additive:   to  combine  decibel 
levels  it  is  necessary  to  convert  the  dB  values  back  to  their  respective  equivalent  pressure 
values,  find  the  total  rms  pressure  level,  and  then  recalculate  the  dB  value  of  the  total.   For 
example,  adding  two  sounds  of  equal  level  on  the  dB  scale  results  in  a  3  dB  increase  in 
sound  level. 

The  range  of  hearing  for  himriai\s  extends  from  0  to  140  dB,  where  the  upper  level 
corresponds  to  a  sharply  painful  response  [EPA,  1978].   A  doubling  of  sound  pressure 
corresponds  to  a  6  dB  increase  in  SPL.   However,  it  requires  an  increase  of  about  10  dB  in 
SPL  to  produce  a  subjective  doubling  of  sound  level  for  humans.   An  increase  in  sound 
pressure  level  of  3  dB,  which  corresponds  to  a  doubling  of  the  energy  in  the  sound  wave,  is 
barely  discernible  by  the  human  ear. 
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Humans  respond  to  sounds  in  the  frequency  range  of  16  to  20,000  Hz.  The  response  of  the 
human  is  dependent  on  frequency  with  the  most  sensitive  range  being  roughly  between  2000 
and  4000  Hz.  The  frequency-dependent  sensitivity  is  reflected  in  various  weighting  scales  for 
measuring  audible  noise.  The  A-weighted  scale  weights  the  various  frequency  components 
of  a  noise  in  approximately  the  same  way  that  the  human  ear  responds.    The  A-weighted 
scale  is  generally  used  to  measure  and  describe  levels  of  environmental  sounds  such  as  from 
vehicles  or  occupational  sources.  The  A-weighted  scale  is  also  used  to  characterize 
transmission  line  noise.  Sound  levels  measured  on  the  A-scale  are  expressed  in  units  of 
dB(A)  or  dBA. 

Audible  noise  levels  and,  in  particular,  corona-generated  audible  noise  vary  in  time.   In  order 
to  account  for  fluctuating  sound  levels,  statistical  descriptors  have  been  developed  for 
environmental  noise.    Exceedence  levels  or  L  levels  refer  to  the  A-weighted  sound  level  that 
is  exceeded  for  a  specified  percentage  of  the  time.  Thus,  the  L5  level  refers  to  the  noise  level 
that  is  exceeded  only  5%  of  the  time.  L50  refers  to  the  sound  level  exceeded  50%  of  the  time 
and  corresponds  to  the  median  level.   Sound  level  measurements  and  predictions  for 
transmission  lines  are  often  expressed  in  terms  of  exceedence  levels  with  the  L5  level 
representing  the  maximum  level  and  the  L50  level  representing  a  median  value. 

Noise  levels  from  various  common  sources  are  shown  in  Table  EMF-7.   Clearly  there  is  wide 
variation  in  the  levels  found  in  the  environment.  The  noise  exposure  of  any  individual 
would  depend  on  how  much  time  they  spend  in  different  locations.   Outdoor  noise  generally 
does  not  contribute  to  indoor  levels  [EPA,  19741.   Activities  in  a  building  or  residence 
generally  dominate  interior  AN  levels.  The  amount  of  sound  attenuation  provided  by 
buildings  is  given  in  Table  EMF-8.     Assuming  that  residences  along  the  line  route  fall  in  the 
warm  climate,  windows  open  category,  the  typical  sound  attenuation  provided  by  a  house  is 
about  12  dBA. 

There  are  no  noise  codes  applicable  to  transmission  lines  in  Idaho  or  Nevada.  The  EPA  has 
established  a  guideline  of  55  dBA  for  the  annual  average  day-night  average  day-night  (dn) 
level  in  outdoor  areas.   [EPA,  1978]   In  computing  this  value,  a  correction  (penalty)  is  added 
to  nighttime  noise. 

Corona  is  the  partial  electrical  breakdown  of  the  insulating  properties  of  air  in  the  vicinity  of 
the  conductors  of  a  transmission  line.   In  a  small  volume  near  the  surface  of  the  conductors, 
energy  and  heat  are  dissipated.   Part  of  this  energy  is  in  the  form  of  small  local  pressure 
changes  that  result  in  audible  noise.   Corona-generated  audible  noise  can  be  characterized  as 
a  hissing  cracking  sound  that  under  certain  conditions  is  accompanied  by  a  120  Hz  hum. 

Corona-generated  audible  noise  is  of  concern  primarily  for  contemporary  lines  operating  at 
voltages  of  345kV  and  higher  during  foul  weather.  The  conductors  of  high  voltage 
transmission  lines  are  designed  to  be  corona  free  under  ideal  conditions.   However,  changes 
in  the  conductor  surface  geometry,  in  particular  protrusions,  cause  electric  fields  near  the 
conductor  surface  to  exceed  corona  onset  levels  and  corona  occurs.  The  most  common 
source  of  electric  field  enhancement  at  the  conductor  surface  are  water  droplets  on  or 
dripping  off  the  conductors.  Therefore,  audible  noise  from  transmission  lines  is  generally  a 
foul  weather,  i.e.  wet  conductor,  phenomenon.  Wet  conductors  can  occur  during  periods  of 
rain,  fog,  snow,  or  icing.   Along  the  route  of  the  proposed  transmission  line  such  conditions 
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are  expected  to  occur  infrequently  (<5%  of  the  time).  For  a  few  months  after  line 
construction,  a  residual  grease  or  oil  on  the  conductors  can  cause  water  to  bead  up  on  the 
surface.  This  results  in  more  corona  sources  and  slightly  higher  levels  of  audible  noise  and 
electromagnetic  interference  if  the  line  is  energized.  However,  the  new  conductors  "age"  in  a 
few  months  and  the  level  of  corona  activity  reaches  the  predicted  equilibrium  value.  Ehiring 
fair  weather,  insects  and  dust  on  the  conductor  can  also  serve  as  sources  of  corona.  The 
proposed  line  has  been  designed  with  three  subconductors  per  phase  to  minimize  corona. 

Predicted  Levels 

The  predicted  levels  of  corona-generated  audible  noise  for  the  proposed  line  operated  at  a 
voltage  of  540kV  are  given  in  Table  EMF-9  and  plotted  in  Figure  EMF-5.  For  comparison,  the 
calculated  levels  for  the  existing  corridor's  lines  are  also  given  in  Table  EMF-9.   The 
calculated  median  level  (L50)  during  foul  weather  at  the  edge  of  the  proposed  right-of-way  is 
50-53  dBA.   Ehiring  fair  weather  if  corona  is  present,  levels  are  expected  to  be  approximately 
20  dBA  lower. 

The  calculated  foul  weather  corona  noise  levels  for  the  proposed  line  are  comparable  with 
the  calculated  levels  for  the  existing  lines  except  for  the  case  of  low  voltage  ac  (69kV)  and  dc 
lines.  The  difference  in  noise  level  at  the  edge  of  the  right-of-way  would  be  barely 
discernible  to  the  human  ear  except  for  the  aforementioned  low  voltage  corridors. 

During  fair  weather  noise  from  the  conductors  may  be  perceivable  and,  if  so,  would  be 
comparable  with  that  from  the  existing  parallel  lines. 

Ehiring  foul  weather  when  corona  noise  is  highest,  people  tend  to  be  inside.  Residential 
buildings,  even  with  the  windows  open,  afford  a  12  dBA  attenuation  of  noise  level.  Thus, 
the  levels  of  audible  noise  from  the  line  would  be  reduced  in  this  case.  Therefore,  off  the 
right-of-way  the  levels  of  audible  noise  from  the  proposed  line  would  be  below  levels  that 
could  produce  interference  with  speech  (45  dBA,  indoors;  55  dBA,  outdoors).   It  is  also  highly 
unlikely  that  sleep  interference  would  occur  (35  dBA,  indoors).   [EPA,  1973;  EPA,  1978] 

The  computed  annual  Ldn  level  for  transmission  lines  operating  in  areas  with  5%  foul 
weather  is  Ldn  =  L50-4  [Bracken,  1987].  Therefore,  assuming  such  conditions  in  Idaho  and 
Nevada,  the  estimated  Ldn  at  the  edge  of  the  right-of-way  is  approximately  46-49  dBA  which 
is  below  the  EPA  guideline  of  55  dBA. 

Conclusion 

Along  most  of  the  proposed  line  route  there  would  be  only  slightly  perceivable  changes  in 
levels  of  audible  noise  during  foul  weather.   Along  sections  of  the  proposed  route  where 
low  voltage  or  dc  lines  exist,  there  would  be  an  increase  in  the  perceived  noise  above  that 
from  the  existing  line  during  periods  of  foul  weather.  However,  the  noise  levels  from  the 
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proposed  line  would  be  below  levels  identified  to  cause  interference  with  speech  or  sleep. 
The  audible  noise  from  the  transmission  line  would  be  below  EPA  guideline  levels. 

Therefore,  the  impact  of  corona-generated  audible  noise  from  the  proposed  line  would  be 
minimal. 


Electromagnetic  Interference 

Corona  on  transmission  line  conductors  can  also  generate  electromagnetic  noise  in  the 
frequency  bands  utilized  for  radio  and  television  signals.    The  noise  can  cause  radio  and 
television  interference  (RI  and  TVI).  In  certain  circumstances,  corona-generated 
electromagnetic  interference  (EMI)  can  also  affect  communications  systems  and  other 
sensitive  receivers.   Interference  with  electromagnetic  signals  by  corona-generated  noise  is 
generally  associated  with  lines  operating  at  voltages  of  345kV  or  higher.  This  is  especially 
true  of  interference  with  television  signals.  The  three-conductor  bundle  design  of  the 
proposed  500kV  line  is  intended  to  mitigate  corona  generation  and  thus  keep  radio  and 
television  levels  at  acceptable  levels. 

Spark  gaps  on  distribution  and  low  voltage  wood-pole  transmission  lines  are  a  more 
common  source  of  RI/TVI  than  corona  from  high  voltage  electrical  systems.  This  gap-type  of 
interference  is  primarily  a  fair-weather  phenomenon  caused  by  loose  hardware  and  wires. 
The  proposed  transmission  line  would  be  constructed  with  modem  hardware  that  eliminates 
such  problenns  and  therefore  minimizes  gap  noise.   Consequently,  this  source  of 
electromagnetic  interference  is  not  anticipated  for  the  proposed  line. 

No  state  has  limits  for  either  RI  or  TVI.   In  the  United  States,  electromagnetic  interference 
from  power  transmission  systems  is  governed  by  the  Federal  Communications  Commission 
(FCC)  Rules  and  Regulations  presently  in  existence  [Federal  Communications  Commission, 
1988].   A  power  transmission  system  falls  into  the  FCC  category  of  "incidental  radiation 
device"  which  is  defined  as:   "a  device  that  radiates  radio  frequency  energy  during  the  course 
of  its  operation  although  the  device  is  not  intentionally  designed  to  generate  radio  frequency 
energy".  Such  a  device  "shall  be  operated  so  that  the  radio  frequency  energy  that  is  emitted 
does  not  cause  harmful  interference.   In  the  event  that  harmful  interference  is  caused,  the 
operator  of  the  device  shall  promptly  take  steps  to  eliminate  the  harmful  interference."  For 
purposes  of  these  regulations,  harmful  interference  is  defined  as:  "any  emission,  radiation  or 
induction  which  endangers  the  functioning  of  a  radio  navigation  service  or  of  other  safety 
services  or  seriously  degrades,  obstructs  or  repeatedly  interrupts  a  radiocommunication 
service  operating  in  accordance  with  this  chapter". 

Electric  power  companies  have  been  able  to  work  quite  well  under  the  present  FCC  rule 
because  harmful  interference  can  generally  be  eliminated.   It  has  been  estimated  that  more 
than  95%  of  power  line  sources  which  cause  interference  are  due  to  gap-type  discharges. 
These  can  be  foimd  and  completely  eliminated  when  required  to  prevent  interference. 
[Loftness,  1977;  Loftness,  1980]  Complaints  related  to  corona-generated  interference  occur 
infrequently.   Mitigation  of  this  type  of  interference  can  be  accomplished  in  several  ways. 
[Loftness,  1977;  Loftness,  1980;  Loftness  et  al,  1981] 
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Radio  interference 

Radio  reception  in  the  AM  broadcast  band  (535  to  1605  kHz)  is  most  often  affected  by 
corona-generated  EMI.   FM  radio  reception  is  rarely  affected.   Generally,  only  residences  very 
near  to  transmission  lines  can  be  affected  by  RI.  The  IEEE  Radio  Noise  Design  Guide 
identifies  an  acceptable  limit  of  fair  weather  RI  of  about  40  dB  V/m  at  100  feet  from  the 
outside  conductor  [IEEE  Committee  Report,  1971].   As  a  general  rule,  average  levels  during 
foul-weather,  when  the  conductors  are  wet,  are  16  to  22  dB  V/m  higher  than  average  fair- 
weather  levels. 


Predicted  RI  levels 

The  predicted  fair-weather  RI  levels  at  100  feet  from  the  outside  conductor  are  given  in  Table 
EMF-10  for  the  proposed  500kV  line.    The  median  or  L50  RI  levels  are  expressed  in 
decibels  above  1  microvolt  per  meter  (dB  V/m).   Median  foul  weather  levels  would  be  about 
17  dB  higher  than  the  fair  weather  levels.   For  comparison,  the  predicted  levels  from  the 
existing  lines  in  the  corridors  are  also  listed.  The  predicted  L50  fair-weather  level  at  the  edge 
of  the  right-of-way  is  42  dB  V/m  for  540kV  line  operation  and  at  100  feet  from  the  outside 
conductor  is  36  dB  V/m.    Lateral  profiles  of  the  RI  levels  from  the  proposed   500kV  line 
are  shown  in  Figure  EMF-6  along  with  predicted  levels  in  an  existing  corridor  (Case  2). 
Predictions  indicate  that  fair  weather  RI  would  meet  the  IEEE  40  dB  criterion  at  distances 
greater  than  about  75  feet  from  the  outside  conductor  of  the  proposed  line. 

The  RI  levels  predicted  for  the  proposed  500kV  line  are  comparable  with  the  RI  levels 
predicted  for  the  existing  corridors  with  the  exception  of  those  with  low  voltage  (<138kV)  or 
dc  lines.  Thus,  in  most  cases,  the  impact  from  the  proposed  line  would  be  to  extend  the 
existing  RI  levels  over  an  additional  200  feet  corresponding  to  the  width  of  the  proposed  new 
right-of-way.  The  fair-weather  L50  RI  levels  at  100  feet  from  the  outside  conductors  of  the 
proposed  line  are  within  acceptable  levels.  During  foul  weather  there  would  be  RI,  in  the 
form  of  static  on  AM  radios,  under  or  on  the  right-of-way  of  the  proposed  (and  existing) 
lines. 


Television  interference 

Corona-caused  TVI  occurs  during  foul  weather  and  is  generally  of  concern  for  transmission 
lines  with  voltages  of  345kV  or  above  and  only  for  receivers  within  about  600  feet  of  a  line. 
Because  of  the  multiple-conductor  design  of  the  proposed  line,  corona-generated  TVI  would 
be  comparable  with  or  below  that  on  other  500kV  lines.   As  is  the  case  for  RI,  gap  sources  on 
distribution  and  low  voltage  transmission  lines  are  the  principal  observed  sources  of  TVI. 
The  use  of  modem  hardware  and  construction  practices  for  the  proposed  line  would 
minimize  such  sources. 
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Figure  EMF-6 


Predicted  TVI  levels 

Predicted  levels  of  maximum  foul-weather  TVI  at  75  MHz  for  the  proposed  line  operating  at 
540kV  (Case  0)  are  shown  in  Figure  EN4F-7  along  with  predicted  levels  for  an  existing 
corridor  (Case  2).   Predicted  levels  near  the  center  of  the  right-of-way  are  not  shown  because 
of  the  dose  proximity  of  the  conductors.   (TVI  levels  are  calculated  at  a  height  of  30  feet). 
TVI  levels  100  feet  from  the  outside  conductor  are  given  in  Table  EMF-8  for  the  existing  and 
proposed  corridors.   At  100  feet  from  the  outer  conductor  the  foul  weather  TVI  level 
predicted  for  the  proposed  line  is  25  dB  V/m.  The  levels  for  the  proposed  500kV  line  are  at 
or  below  levels  predicted  for  the  existing  corridors  except  in  those  corridors  with  low  voltage 
(<138kV)  or  dc  lines. 

Thus,  based  on  the  predicted  levels,  the  potential  for  television  interference  from  the 
proposed  line  is  expected  to  be  the  same  as  that  experienced  from  the  existing  line  with  the 
area  of  possible  interference  increased  by  the  200-foot  width  of  the  proposed  new  right-of- 
way. 

There  is  a  potential  for  interference  with  television  signals  at  locations  very  near  either  the 
existing  or  proposed  line  in  fringe  reception  areas.   However,  several  factors  reduce  the 
likelihood  of  occurrence.  Corona  generated  TVI  occurs  only  in  foul  weather,  consequently 
sigi\als  would  not  be  interfered   with  during  the  majority  of  time  characterized  by  fair 
weather.   Foul  weather  occurs  along  the  proposed  route  only  a  small  percentage  of  the  time. 
Since  television  antennas  are  directional,  the  impact  of  TVI  is  related  to  the  location  and 
orientation  of  the  antenna  relative  to  the  transmission  line.   If  the  antenna  is  pointed  away 
from  the  line,  then  TVI  from  the  line  would  affect  reception  much  less  than  if  the  antenna  is 
pointed  towards  the  line.  Since  the  level  of  TVI  falls  off  with  distance,  the  potential  for 
interference  becomes  minimal  at  distances  greater  than  several  hundred  feet  from  the 
centerline. 

Other  forms  of  TVI  from  transmission  lines  are  signal  reflection  (ghosting)  and  signal 
blocking  caused  by  the  relative  locations  of  the  transmission  structure  and  the  receiving 
antenna  with  respect  to  the  incoming  television  signal.  Since  the  proposed  line  would  be 
located  in  a  corridor  with  poles  and  conductors  already  present,  any  additional  interference 
of  this  type  from  the  new  line  is  expected  to  be  minimal. 

Interference  with  television  reception  can  be  corrected  by  any  of  several  approaches: 

•  improving  the  receiving  antenna  system 

•  installing  a  remote  antenna 

•  installing  an  antenna  for  TV  stations  less  vulnerable  to  interference 

•  connecting  to  an  existing  cable  system 

•  installing  a  translator  [Cf.  Loftness,  1977]. 
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Idaho  Power  has  an  active  program  to  identify,  investigate  and  mitigate  legitimate  RI  and 
TVI  complaints.  It  is  anticipated  that  any  instances  of  TVI  caused  by  the  proposed  line  can 
be  effectively  mitigated. 

Conclusion 

Predicted  EMI  levels  for  the  proposed  500kV  line  are  comparable  to  those  from  the  existing 
lines  operating  at  500kV  and  comparable  to  levels  already  present  along  the  proposed 
corridors.  If  interference  does  occur,  there  are  various  methods  for  correcting  it  and  Idaho 
Power  has  an  active  program  to  respond  to  legitimate  complaints. 

Therefore,  the  anticipated  impacts  of  corona-generated  RI  and  TVI  are  minimal. 

Summary 

Electric  and  magnetic  fields  from  the  proposed  transmission  line  can  be  characterized  using 
well-known,  accepted  techniques.  The  expected  levels  from  the  proposed  line  are 
comparable  to  fields  from  500kV  lines  in  Idaho,  Nevada  and  elsewhere.  The  peak  electric 
field  expected  under  the  proposed  line  is  8.4  kV/m  and  the  maximum  value  at  the  edge  of 
the  right-of-way  would  be  2.0  kV/m.  Clearances  at  road  crossings  would  be  increased  to 
reduce  the  peak  electric  field  value.  The  peak  magnetic  fields  under  the  proposed  line  would 
be  118  (237)  mG  under  average  (maximum)  current  conditions.   At  the  edge  of  the  right-of- 
way  adjacent  to  the  proposed  line  the  magnetic  field  would  be  approximately  27  (55)  mG 
under  average  (maximum)  current  conditions.  Under  average  (maximum)  current  conditions, 
the  magnetic  field  at  200  feet  from  the  edge  of  the  right-of-way  is  about  3  (6)  mG. 

The  electric  fields  from  the  proposed  line  would  meet  applicable  standards  and  be  within 
regulatory  limits  or  guidelines  established  in  most  other  states.  The  magnetic  fields  from  the 
proposed  line  would  be  within  regulatory  limits  established  in  other  states. 

Short-term  effects  from  transmission  line  fields  are  well  understood  and  can  be  mitigated. 
Nuisance  shocks  arising  from  electric  field  induced  currents  and  voltages  could  be 
perceivable  near  the  proposed  line.   Idaho  Power  Company  would  ground  permanent 
conducting  objects  during  construction  to  mitigate  against  such  occurrences. 

Corona-generated  audible  noise  from  the  line  would  be  perceivable  during  foul  weather. 
However,  the  levels  would  be  comparable  with  those  from  the  existing  high- voltage  lines 
along  the  route  and  would  be  below  levels  specified  in  EPA  Guidelines. 

Corona-generated  electromagnetic  interference  from  the  proposed  line  would  be  comparable 
with  that  from  existing  lines.   Radio  interference  levels  would  be  below  acceptable  levels. 
Television  interference,  being  a  foul  weather  phenomena,  is  anticipated  to  be  minimal  and  if 
legitimate  complaints  arise,  Idaho  Power  Company  has  an  active  mitigation  program. 
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EPIDEMIOLOGIC  AND  LABORATORY  STUDIES 

Questions  about  potential  health  effects  from  electric  and  magnetic  field  (E/MF)  exposures 
have  centered  around  three  areas: 

•  cancer 

•  reproductive  outcome 

•  general  physiologic  and  psychologic  health 

The  subject  of  exposure  to  E/MF  and  its  possible  health  consequences  has  been  expressed 
within  the  scientific  commuiuty,  in  the  popular  press,  and  in  the  broadcast  media.  This 
report  is  focused  on  the  information  available  in  the  scientific  literature,  with  the  recognition 
that  expressions  of  public  concern  may  frequently  influence  research  directions.   To  date,  the 
predominant  E/MF  health  issue  concerns  whether  exposure  to  60-Hz  magnetic  fields  (rather 
than  electric  fields)  increases  the  risk  of  developing  cancer.   In  a  draft  docvmnent  on  E/MF 
health  effects  prepared  by  the  US  Enviroiunental  Protection  Agency  (EPA),  and  airrently 
under  scientific  review,  the  agency  has  restricted  its  analysis  to  cancer.   Accordingly,  the 
section  on  health  effects  that  follows  places  a  major  emphasis  on  the  research  relevant  to  the 
potential  for  magnetic-field  associated  carcinogenic  risk- 
In  general,  the  scientific  process  used  to  evaluate  the  potential  effects  of  environmental 
exposures,  be  they  chemicals,  or  electric  and  magnetic  fields  relies  upon  the  data  from 
research  studies.  The  research  encompasses  two  complementary  approaches,  namely 
epidemiologic  investigations  and  laboratory  studies,  each  with  its  own  strengths  and 
limitations. 

Epidemiology  -  The  objective  of  environmental  epidemiology  is  to  measure  the  associations 
between  exposures  to  enviroiunental  factors  (e.g.,  asbestos,  benzene)  and  health  outcomes 
(e.g.,  lung  disease,  leukemia).  The  measure  of  the  association  between  exposure  and  outcome 
that  is  most  common  in  the  epidemiologic  literature  on  magnetic  fields,  as  in  many  other 
areas  of  epidemiology,  is  the  relative  risk.  The  relative  risk  describes  the  risk  of  disease  in  an 
exposed  group  relative  to  the  risk  in  a  reference  group.  The  latter  group  is  usually  assumed 
to  have  little  or  no  exposure.  Studies  that  report  risk  estimates  greater  than  one  indicate  a 
positive  association  between  the  exposure  and  the  disease,  studies  with  risk  estimates  less 
than  one  indicate  an  inverse  association,  and  risk  estimates  near  one  indicate  no  association. 
Because  data  collected  on  human  populations  are  subject  to  random  variations,  a  single  value 
of  relative  risk  is  not  a  sufficient  descriptor  of  association.  The  phenomenon  of  random 
variation  is  observed  commonly,  as  when  tossing  dice  or  flipping  coins,  (i.e.,  10  coin  flips  do 
not  always  lead  to  5  heads  and  5  tails  —  combinations  of  6  and  4  or  7  and  3  are  not  unusual, 
and  arise  due  to  random  variability.  Consequently,  epidemiologists  and  statisticians  have 
developed  computational  techniques  that  estimate  the  variability  inherent  to  an 
epidemiologic  study's  data.  These  techniques  help  determine  if  a  reported  relative  risk  is 
reasonably  precise  and  indicative  of  a  true  association,  or  whether  the  reported  data  are  so 
highly  variable  so  as  to  be  compatible  with  a  conclusion  that  no  association  exists. 

Frequently,  there  is  a  tendency  to  interpret  a  study  result  as  demonstrating  a  causative 
relationship  between  a  putative  exposure  and  a  health  endpoint,  when  in  fact,  only  an 
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association  between  exposure  and  effect  is  reported.   Associations  between  exposures  and 
health  effects  may  occur  for  many  non-causal  reasons,  and  the  affirmation  of  a  causal 
relationship  requires  the  careful  scrutiny  of  a  collection  of  studies. 

Laboratory  Studies  -  The  goal  of  laboratory  research  studies  is  to  identify  the  nature  of  an 
observed  effect  and  the  dose  of  the  agent  at  which  it  appears.   A  most  critical  distinction, 
therefore,  must  be  made  between  natural  harmless  biological  responses,  or  "effects,"and  those 
that  are  truly  adverse  or  deleterious.  Many  chemical  substances  and  physical  agents  (food, 
medicines,  light  or  electric  and  magnetic  fields)  produce  biological  responses  in  organisms- 
like  the  response  of  the  eye  to  light  or  the  influence  of  food  and  water  on  growth  and  body 
metabolism~at  quite  low  concentrations  or  intensities.   However,  at  very  high  intensities  and 
levels  of  exposure  almost  all  agents,  even  those  necessary  for  life,  can  produce  responses 
which  are  harmful  or  toxic  under  some  conditions.   For  example,  exposure  to  pure  oxygen 
for  prolonged  periods  of  time  is  invariably  toxic  to  humans.  This  is  the  case  even  though 
oxygen,  in  a  certain  range  of  concentrations,  is  an  indispensable  component  of  the  air  we 
breathe  to  sustain  life.   Hence,  the  mere  demonstration  of  a  biological  response  or  effect  per 
se  does  not  indicate  that  an  exposure  to  an  agent  is  hazardous.   Rather,  it  is  imperative  to 
ascertain  under  what  conditions  (intensity  or  level  of  exposure,  duration  of  exposure,  etc)  an 
agent  may  be  toxic.   In  fact,  toxicological  studies  are  designed  classically  to  identify  the 
highest  dose  that  does  not  cause  an  adverse  effect. 

A  wide  variety  of  laboratory  methods  are  available  for  assessing  the  degree  of  harm  or 
toxicity  associated  with  exposures,  even  if  the  exposure  does  not  produce  obvious  injury  or 
disease.  These  methods  involve  either  the  study  of  either  people  or  whole  animals  (in  vivo), 
or  of  isolated  cells  and  tissues  (in  vitro). 

In  vivo  studies  of  short-term  responses  in  animals  can  be  carried  out  in  a  number  of  species 
(e.g.  mice,  rats,  guinea-pigs,  rabbits,  pigs,  etc).   Long  term  studies  are  usually  restricted  to 
rodents.  This  is  particularly  the  case  in  which  the  exposure  may  cover  a  considerable 
fraction  of  the  life-span  of  the  animal.   Although  there  are  important  similarities  between 
human  physiological  systems  and  other  mammals  at  the  cellular,  tissue,  and  organ  level, 
there  are  well-recognized  limitations  to  the  use  of  animal  data  in  the  prediction  of  adverse 
effects  on  human  health.   First,  exposure  levels  in  laboratory  studies  are  usually  very  high 
relative  to  those  that  people  experience.  Thus  an  effect  observed  in  a  laboratory  experiment 
does  not  necessarily  translate  into  an  effect  under  exposure  conditions  found  in  the  real 
world.  Second,  because  of  the  inherent  differences  across  sp)ecies,  animal  data  are  not 
automatically  predictive  of  human  responses.  For  example,  the  EPA  Guidelines  for 
Carcinogen  Risk  Assessment  generally  require  a  minimum  of:  reproducibility  in  two  or  more 
tests,  in  two  animal  species,  using  maximally-tolerated  doses,  before  the  data  are  regarded  as 
'sufficient'  to  identify  an  agent  as  a  carcinogen  (FR,  1986). 

In  contrast  to  in  vivo  experiments,  in  vitro  studies  evaluate  isolated  tissues,  cells  or 
molecules.  The  responses  of  isolated  human  and  animal  cells  in  tissue  culture  can  be 
investigated  in  short-term  tests  lasting  from  a  few  minutes  to  several  weeks.   As  with  in  vivo 
experiments,  such  tests  cannot  be  relied  upon  as  a  matter  of  course  to  be  accurate  predictors 
of  human  toxicity.  This  is  because  the  responses  observed  in  vitro  may  not  reflect  the 
response  of  those  cells  in  a  living  system.  There  is  need  for  caution  in  any  extrapolation 
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from  in  vitro  data  to  assessments  of  possible  in  vivo  toxicity.  The  results  of  a  single 
experiment  or  test  are  insufficient  for  this  assessment. 

While  attention  has  been  drawn  to  the  above  limitations  on  the  interpretation  of  laboratory 
studies  (whether  in  vivo  investigations  in  animals  or  in  vitro  test  systems)  for  predicting 
potential  health  effects  in  humans,  the  value  of  these  approaches  for  determining  cause-effect 
relationships  and  in  helping  to  establish  risk  to  human  health  should  also  be  appreciated.   In 
fact,  whole  animal  studies,  judiciously  combined  with  in  vitro  tests,  provide  a  fundamental 
database  from  which  scientists  and  governmental  regulatory  agencies  make  decisions  about 
the  safety  of  our  food,  water,  and  medicines. 

EPIDEMIOLOGIC  STUDIES 
Cancer 

The  epidemiology  literature  concerned  with  magnetic  fields  and  cancer  contains  studies  that 
focus  on  either  (1)  the  general  population  (community  studies)  or  (2)  working  populations 
(occupational  studies). 

Community  Studies 

Nine  connmunity  studies  have  been  reported  that  deal  with  the  possible  relationship  between 
magnetic  fields  from  electric  utility  lines  and  cancer.   Attachment  A,  at  the  end  of  this  report, 
numerically  lists  them  according  to  age  group  studied  and  identifies  the  country  in  which 
they  were  conducted.  Of  the  nine,  five  have  focused  exclusively  on  childhood  cancer,  two  on 
adult  populations,  and  two  on  all  age  groups.   Five  of  these  have  been  conducted  in  the 
United  States,  three  in  the  United  Kingdom,  and  one  in  Sweden.  Other  community 
epidemiology  studies  are  now  in  progress  and  results  from  many  of  these  studies  will  be 
available  in  the  early  1990's. 

Exposure  Assessment  For  Community  Cancer  Studies 

Exposure  assessment  is  the  branch  of  environmental  sciences  concerned  with  characterizing 
the  extent  to  which  people  are  exposed  to  environmental  agents.  The  most  relevant  way  to 
express  a  person's  exposure  to  magnetic  fields,  and  indeed  to  any  environmental  factor,  is  in 
terms  of  total  individual  exposure.   For  example,  if  one  were  studying  the  health  effects  of 
caffeine  and  inquired  from  each  study  subject  about  only  coffee  consumption,  then  the 
assessment  of  caffeine  exposure  would  fail  to  include  other  major  sources,  such  as  tea  and 
caffeinated  soft  drinks.   For  magnetic  fields,  the  situation  is  conceptually  no  different.  Total 
exposure  for  each  person  includes  the  contribution  from  transmission  lines,  distribution  lines, 
domestic  appliances,  and  sources  in  the  workplace  or  at  school. 
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Data  on  an  individual's  total  exposure  to  magnetic  fields  can  be  obtained  directly  with  the 
use  of  personal  dosimeters.   Alternatively,  total  exposure  to  magnetic  fields  can  be  estimated 
with  the  use  of  questionnaire  data  on  the  time  budget  of  personal  activities  combined  with 
data  on  the  magnetic  field  levels  that  correspond  to  those  activities.  Such  methods  have 
proven  successful  in  estimating  exposure  to  electric  fields  (Silva  and  Kavet,  1987;  Kavet  et  al, 
1990). 

Unfortunately,  none  of  the  magnetic  field  epidemiology  community  studies  reported  to  date 
(i.e,  those  listed  in  Attachment  A)  were  conducted  at  the  level  of  the  individual  person  to 
either  directly  quantify  or  estimate  total  exposure  to  magnetic  fields.  This  deficiency  is 
perhaps  the  most  formidable  obstacle  to  understanding  the  meaning  of  the  data  that  these 
studies  have  produced.   Instead  of  analyzing  cancer  data  as  it  may  relate  to  total  exposure, 
all  of  the  analyses  reported  to  date  rely  on  a  single  exposure  estimate  assigned  to  the 
residence  of  the  individual  study  subjects.   Several  studies  have  estimated  residential  field 
levels  using  more  than  one  method.   However,  alternate  methods  for  residential  exposure 
estimation  have  not  necessarily  led  to  consistent  results  even  within  the  same  study. 

The  methods  that  have  been  used  thus  far  to  assign  magnetic  field  exposure  values  are 
summarized  in  the  following  brief  descriptions.  The  first  two  discussed  (wiring  codes  and 
spot  measurements)  are  particularly  relevant  to  the  key  studies  in  this  area: 

•      Wiring  Codes:  The  most  widely  cited  studies  have  included  wiring  codes  as  an 
index  of  exposure.  The  use  of  wiring  codes  as  a  residential  magnetic  field 
exposure  surrogate  is  based  on  the  postulate  that  the  nature  of  the  electric  utility 
wiring  outside  a  house  predicts  the  relative  magnitude  of  the  magnetic  field 
within  a  home,  and,  therefore,  predicts  the  magnetic  field  exposure  of  the  home's 
residents.   For  virtually  every  home  this  wiring  includes  the  neighborhood 
distribution  line.   In  rare  cases,  up  to  perhaps  one  or  two  percent  of  an  entire 
study  population,  does  outdoor  wiring  adjacent  to  a  home  include  overhead 
transmission  lines  (Wertheimer  and  Leeper,  1979;  McDowall,  1986;  Tomenius, 
1986).  When  considering  the  issue  of  the  cumulative  exposure  of  large 
populations  to  magnetic  fields  from  outdoor  utility  wiring,  transmission  lines  play 
a  negligible  role.   Because  of  the  lack  of  a  sizable  abutting  population  none  of  the 
commimity  epidemiology  studies  conducted  to  date  have  been  able  to  evaluate 
large  populations  near  transmission  lines. 

In  1979,  Wertheimer  and  Leeper  introduced  a  wire  coding  scheme  that  classified 
distribution  lines  in  the  Denver  area,  according  to  both  their  current  carrying 
capacity  and  distance  from  the  residence.  The  objective  of  this  coding  system  was 
to  identify  distribution  lines  that  generate  high  and  low  levels  of  magnetic  fields 
in  the  adjacent  homes,  without  having  to  actually  enter  the  homes  and  conduct 
measurements.   Homes  were  labeled  as  belonging  to  either  the  high  current 
configuration  (HCC)  category  or  the  low  current  configuration  (LCC)  category. 
One  of  the  immediate  uncertainties  about  this  coding  scheme  was  whether  or  not 
it  truly  represented  actual  field  levels  in  the  home.   Studies  conducted 
subsequently  by  Savitz  (1987)  and  Kaune  et  al  (1987  a,b)  have  both  shown  that, 
although  wiring  code  rank  correlates  with  measured  magnetic  field,  the 
correlation  is  relatively  weak.   In  fact,  Kaune  et  al  (1987  a,b)  developed  an 
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alternate  code  for  homes  in  the  Seattle  area  that,  compared  to  the  Wertheimer- 
Leeper  scheme,  provided  appreciably  improved  predictability  of  indoor  magnetic 
fields  based  on  outdoor  wiring  configurations.  Of  course,  any  wire  coding 
scheme  still  fails  to  account  for  exposure  an  individual  receives  when  away  from 
the  residence  or  exposures  within  the  residence  imrelated  to  the  distribution  lines. 

•  Spot  Measurements:  The  term  "spot  measurement"  refers  to  a  measurement  of 
the  magnetic  field  strength  at  a  single  point  in  time.  The  main  advantage  of  spot 
measurements  is  that  they  provide  a  direct  measure  of  indoor  exposure  levels. 
Their  disadvantages  are  that  (a)  they  do  not  reflect  temporal  variations  in  the 
field,  which  do  imdergo  daily  cycles,  and  (b)  they  do  not  account  for  exposure 
from  local  sources,  such  as  appliances.  Only  two  of  the  nine  studies  listed  in 
Attachment  A  (Savitz  et  al,  1988;  Severson  et  al,  1988)  have  measured  magnetic 
fields  inside  of  study  homes  according  to  a  protocol,  and  then  entered  the  data 
into  the  main  epidemiologic  analyses.   In  both  of  these  studies,  the  measurements 
were  taken  under  each  of  two  conditions:   (1)  low-power  condition,  in  which  the 
lights  and  appliances  were  shut  off,  and   (2)  high-power  conditions,  in  which  they 
were  turned  on.  The  low-power  measurement  value  estimates  the  indoor  field 
that  is  due  to  outdoor  sources  (mainly  neighborhood  distribution  lines),  while  the 
high-power  field  value  reflects  the  sum  of  both  outdoor  and  indoor  sources  of 
magnetic  field. 

•  Calculated  Fields:  Based  on  information  on  the  electric  loads  carried  on  power 
lines,  the  lines'  physical  characteristics  (e.g.,  height  of  wires  from  ground),  and 
their  distance  to  residences,  the  magnetic  fields  due  to  power  lines  can  be 
calculated.  These  calculations  are  accurate  when  a  transmission  line  is  the  sole 
outdoor  magnetic  field  source.   However,  calculations  are  more  difficult  in  the 
case  of  distribution  lines,  because  the  grovmd  return  currents  do  not  always  flow 
in  pathways  that  are  easy  to  identify.  Work  is  in  progress  to  develop  computer 
programs  which  can  calculate  these  magnetic  fields. 

•  Distance  from  Source:   N4agnetic  field  strength  increases  as  the  distance  to  a  line 
carrying  current  decreases.   Distance  to  a  power  line  may  thus  serve  as  a  simple 
surrogate  for  exposure  level,  and  study  subjects  may  be  grouped  according  to 
distance  of  residence  to  the  closest  power  line. 

Study  Results 

The  studies  conducted  to  date,  when  analyzed  collectively,  fail  to  substantiate  a  link  between 
magnetic  field  exposure  and  an  increased  risk  of  cancer.   As  explained  below,  a  major 
problem  in  interpreting  this  literature  is  the  lack  of  consistent  results  across,  and  also  within 
studies. 
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Childhood  Studies 

Perhaps  the  most  widely  known  of  all  the  community  studies  is  the  childhood  cancer  study 
conducted  by  Savitz  and  colleagues.  This  study  was  conceived  as  a  replication  of  a  1979  study 
by  Wertheimer  and  Leeper,  who  had  reported  that  wiring  codes  were  associated  with  childhood 
cancer  in  the  Denver  area.  Savitz,  whose  study  was  also  conducted  in  the  Denver  area,  adopted 
the  wiring  code  that  Wertheimer  and  Leeper  had  introduced  in  their  1979  study  of  childhood 
cancer,  and  had  further  developed  in  their  1982  study  of  adult  cancer  (Wertheimer  and  Leeper, 
1982).  In  addition  to  using  wiring  code  as  an  index  of  exposure,  Savitz  took  low-  and  high- 
power  magnetic  field  measurements  in  all  the  study  homes  that  allowed  access. 

Savitz  reported  that  cancer  was  weakly  associated  with  wiring  codes,  and  that  the  association 
was  statistically  significant.  In  contrast,  when  the  low-power  measured  magnetic  field  (i.e.,  field 
measured  with  in-home  power  consumption  minimized),  rather  than  wire  code,  was  used  as  the 
index  of  exposure,  the  association  of  exposure  with  disease  appreciably  weakened,  and  was  no 
longer  statistically  significant.  For  high  power  fields  (residential  power  turned  on),  no 
association  was  observed.  A  key  question  from  this  study  is  why  did  the  strongest  relationship 
between  cancer  and  exposure  occur  for  wire  codes,  which  is  an  exposure  surrogate,  and  not  for 
magnetic  fields,  which  should  more  directly  reflect  exposure?  The  answer  to  this  question,  at 
present,  is  not  known.  One  possible  answer  is  that  perhaps  wire  codes  are  a  more  stable 
indicator  of  exposure  than  measured  values,  because  the  wiring  configurations  tend  to  remain 
fixed  for  long  periods  of  time.  Any  random  misclassification  of  exposure  based  on  magnetic 
field  measurements,  which  are  more  variable,  would  tend  to  obscure  any  exposure  effect. 
Another  equally  plausible  possibility  is  that  wiring  code  is  a  surrogate  for  some  other,  as  yet 
unidentified,  agent  responsible  for  the  findings,  and  that  magnetic  fields  are  just  loosely 
associated  fortuitously  with  wiring  codes  (i.e.,  there  is  unidentified  confounding,  e.g.  Kavet  and 
Silva,  1990).  Savitz  questions  the  lack  of  an  association  of  cancer  with  high-power  fields,  the 
weak  relationship  with  low-power  magnetic  fields,  and  the  positive  relationship  of  cancer  with 
wiring  code: 

"High  power  fields  more  closely  reflect  the  actual  in-home  exposure  conditions  when  the 
home  is  in  use.  The  supposed  noise  in  measurement  from  superimposing  internal  and 
external  sources  of  magnetic  fields  would  actually  be  a  more  complete  picture  of  the 
exposures  associated  with  living  in  that  residence.  Low  power  magnetic  fields  would 
reflect  that  less  accurately,  and  wire  codes  would  be  a  more  distant  proxy  measure  of 
such  exposures."   (Savitz,  1987) 

Thus,  the  study  by  Savitz  and  co-workers,  though  better  executed  than  the  study  of  Wertheimer 
and  Leeper,  did  not  produce  internally  consistent  data  indicating  that  residential  magnetic  field 
exposure  levels  are  associated  with  excess  risk  of  cancer.  Because  measures  of  magnetic  fields 
inside  of  study  homes  were  not  carried  out  by  Wertheimer  and  Leeper,  it  is  impossible  to  know 
what  the  relationship  of  measured  fields  to  cancer  would  have  been  in  their  study  (refer  to 
Appendix  B). 
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Adult  Studies 

Two  studies,  both  conducted  in  the  U.S.  have  examined  the  association  of  magnetic  fields  with 
cancer  in  adults.  In  1982,  Wertheimer  and  Leeper  published  a  study  conducted  in  the  Denver 
area  in  which  they  report  that  adult  cancer  was  positively  associated  with  wiring  code.  Like 
their  childhood  study  published  in  1979,  measures  of  magnetic  field  strength  inside  the  study 
homes  were  not  taken. 

The  second  study  of  adult  cancer  was  conducted  in  the  Seattle,  Washington  area,  and  focused 
only  on  acute  nonlymphocytic  leukemia,  rather  than  on  all  cancers  (Severson  et  al,  1988).  A 
rationale  for  this  selection  was  that  a  number  of  occupational  epidemiology  studies  had  reported 
an  excess  of  acute  leukemias  among  workers  in  electrical  occupations  (e.g.,  electrician,  utility 
linemen).  Wertheimer  and  Leeper  had  included  all  cancer  types  in  their  1982  study  of  adult 
cancers  (see  above),  but  reported  in  subsequent  analyses  (Wertheimer  and  Leeper,  1987)  that 
leukemia  was  not  one  of  the  adult  cancers  associated  with  wiring  codes. 

The  Stevens/Kaune  study  assessed  indoor  exposure  levels  in  three  ways: 

•  the  Wertheimer-Leeper  wiring  code 

•  the  wiring  code  that  Kaune  developed  for  this  project,  which  provides  improved 
correlation  with  magnetic  fields  and 

•  both  low-power  and  high-power  indoor  magnetic  field  measurements. 

None  of  these  three  estimates  of  magnetic  field  exposure  was  associated  with  the  incidence  of 
leukemia.  The  authors  concluded: 

"There  was  no  consistent  evidence  of  an  increased  risk  of  acute  nonlymphocytic  leukemia 
associated  with  residential  exposure  to  power-frequency  magnetic  fields.  None  of  the 
risk  estimates  were  significantly  greater  than  1.0,  and  no  convincing  dose-response 
relation  was  observed  for  the  various  measures  of  exposure  that  were  considered  in  this 
study."  (Severson  et  al,  1988) 

The  other  epidemiologic  studies  that  have  been  conducted  in  community  settings  have  produced 
mixed  results,  a  number  have  failed  to  detect  an  association  between  proximity  to  magnetic  field 
sources  and  cancer  (Fulton  et  al,  1980;  Myers  et  al,  1985;  Coleman  et  al,  1989;  McDowall),  while 
one  other  has  reported  a  positive  association  (Tomenius,  1986)  (refer  to  Appendix  B). 

Other  Exposure  Sources  for  Community-Based  Studies 

In  addition  to  electric  utility  lines,  several  other  sources  of  magnetic  (and  electric)  field  exposure 
have  been  considered  as  possible  explanatory  variables  in  adult  and  childhood  cancer.  Four 
studies  have  examined  whether  the  use  of  an  electric  blanket  is  associated  with  excess  cancer 
rates.   Electric  blankets  are  a  source  of  particular  interest,  because: 
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•  the  magnetic  field  they  produce  is  high  (roughly  20  mG)  relative  to  average 
ambient  background  (about  1  mG) 

•  exposure  takes  place  over  the  course  of  hours,  in  contrast  to  many  appliances 
(e.g.,  blenders)  for  which  exposure  takes  place  over  the  course  of  minutes  or  less 

•  exposure  is  close  to  the  body 

In  three  studies  of  adult  populations,  negative  blanket-use/cancer  associations  have  been 
reported  for  adult  myelogenous  leukemias  (acute  and  chronic;  Preston-Martin  et  al,  1988), 
testicular  cancer  (Verrault  et  al,  1990),  and  breast  cancer  among  post  menopausal  women 
(Vena  et  al,  1990). 

Savitz  et  al  (1990)  re-examined  the  data  sets  from  the  Denver  childhood-cancer/  powerline 
study,  but  instead  of  wiring  codes  and  spot  measurements,  they  focused  on  reported  use  of 
appliances.  These  included  electric  blankets,  heated  water  beds,  bedside  electric  clocks,  and 
heating  pads,  all  of  which  have  the  potential  to  involve  extended  exposure.  With  the 
exception  of  prenatal  use  of  electric  blankets,  none  of  the  reported  prenatal  or  postnatal  uses 
of  these  appliances  were  significantly  associated  with  total  cancers,  including  leukemia  and 
brain  cancer.   Although  brain  cancers  and  leukemias  are  associated  with  prenatal  use  of 
electric  blankets  in  some  of  the  analyses  in  this  study,  further  analysis  of  the  data  (not 
reported  by  Savitz  et  al)  also  reveal  that  the  risk  for  all  other  cancers  is  actually  depressed 
among  the  exposed  groups.  For  most  of  the  positive  findings  in  this  study,  some  of  which 
achieve  statistical  significance,  the  estimates  of  risk  are  imprecise,  and  further  research  would 
be  required  to  unravel  the  meaning  of  the  results  presented. 

Several  population-based  studies  have  been  conducted  on  the  potential  association  between 
childhood  tumors  of  the  nervous  system  and  parental  occupations.  Three  of  these  studies 
have  specifically  examined  for  occupatioiul  associations  with  neuroblastoma,  which  affects 
one  branch  of  the  peripheral  nervous  system  (i.e.,  the  sympathetic  nervous  system)  (Spitz  and 
Johnson,  1985;  Bunin  et  al,  1990;  Wilkins  and  Hundley,  1990).   Although  Spitz  and  Johnson 
(1985)  reported  a  positive  association  between  paternal  E/MF  exposure  at  work  and 
childhood  neuroblastoma,  this  association  was  not  validated  in  the  two  subsequent  studies. 
Spitz  and  Johr\son  (1985),  as  well  as  Wilkir^  and  Hundley  (1990)  are  careful  to  point  out  that 
chemical  exposures  in  the  occupations  under  study  need  to  be  factored  in  to  epidemiologic 
analyses  that  address  E/MF,  a  point  that  is  disaissed  again  below  in  the  section  on 
occupational  epidemiology. 

Two  other  population-based  studies  have  examined  tumors  of  the  central  nervous  system 
(CNS)  among  children  to  determine  whether  they  bear  a  relationship  to  parental  employment 
in  occupations  that  appear  to  include  E/MF  exposure.   Again  no  coi\sistent  pattern  appears, 
with  Johnson  and  Spitz  (1989)  reporting  marginally  positive  results,  and  Nasca  et  al  (1988) 
showing  no  consistent  association  between  paternal  E/MF-related  work  and  CNS  tumors.  As 
before,  the  issue  concerning  chemical  exposures  in  the  relevant  occupations  requires 
resolution. 
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Occupational  Studies 

Within  the  past  decade  many  studies  have  evaluated  the  association  between  employment  in 
an  occupation  that  includes  presumed  magnetic  field  exposure  and  cancers  of  various  types. 
These  studies  have  taken  a  variety  of  approaches  and  have  produced  mixed  results,  some 
reporting  slight,  but  statistically  significant,  elevated  rates  of  leukemia  or  brain  cancer  among 
workers  in  electrical  occupations,  and  other  studies  reporting  no  apparent  association. 

The  suggestion  of  an  association  between  cancer  and  electrical  occupations  first  arose  from 
surveys  that  compared  the  proportion  of  all  deaths  within  groups  of  electrical  workers  that 
were  attributable  to  leukemia  to  the  proportion  of  deaths  from  leukemia  in  a  reference 
population,  usually  the  general  population.  These  comparisons,  called  proportionate 
mortality  ratios  (PMRs),  can  be  misleading  because  the  proportion  of  death  from  any  given 
disease  depends  on  the  proportion  of  other  causes  of  death  in  that  population.   For  example, 
if  a  group  of  workers  has  less  cardiovascular  disease  than  the  general  population  used  for  the 
reference  group,  the  proportion  of  deaths  from  other  causes  will  appear  to  be  elevated.   A 
review  of  these  surveys  by  Savitz  and  Calle  (1987)  noted  that  these  studies  are  inherently 
limited  in  their  ability  to  show  that  electric  and  magnetic  fields  are  associated  with  an 
increased  risk  of  leukemia.  The  response,  quite  appropriately,  to  these  PMR  studies  has  been 
to  conduct  further  epidemiologic  research  using  more  powerful  designs. 

A  key  issue  within  the  occupational  literature  is  that  most  of  the  investigators  have  been 
unable  to  adequately  control  their  data  for  the  potential  effects  of  simultaneous  exposure  to 
chemicals.   For  example,  in  a  study  of  leukemia  deaths  at  the  Portsmouth  Naval  Shipyard, 
Stem  et  al  (1986)  identify  potential  confounding  exposures  for  electricians,  who  had  an 
elevated  risk:   "Electricians  may  frequently  encounter  exposures  from  metal  fumes  (i.e., 
nickel,  chromium,  iron,  or  lead,  etc.),  solvents  (including  benzene),  fluxes,  chlorinated 
biphenyb,  epoxy  resiiis,  chlorinated  naphthalenes,  and  electrical  current." 

The  inability  to  evaluate  exposure  to  electric  and  magnetic  fields  separately  from  other 
chemicals  complicates  studies  of  brain  cancer  as  well.  Thomas  et  al  (1987)  reported  a 
statistically  significant  increase  in  brain  tumors  in  a  group  of  men  in  electrical  and  electronics 
work.   However,  unlike  other  investigators,  they  tried  to  separate  possible  effects  of  magnetic 
field  exposure  from  exposure  to  chemical  substances.   In  this  analysis  they  observed  that  the 
risk  was  greater  in  those  whose  jobs  that  involved  exposure  to  electric  and  magnetic  fields  as 
well  as  to  soldering  fluxes  and  other  chemical  substances  than  in  those  who  would  be 
exposed  to  extremely  low  frequency  (ELF)  electric  and  magnetic  fields.  These  investigators 
concluded,  "(Dur  data  suggest  that  certain  jobs  involving  ...  electronics  or  electrical  equipment 
involve  exposures  that  are  related  to  excess  risk  of  astrocytic  brain  tumors.  Because  these 
jobs  may  involve  a  wide  variety  of  exposures,  a  specific  etiologic  [causative]  agent  cannot  be 
identified  from  the  present  data." 

The  second  weakness  in  occupational  studies  is  that  exposures  to  magnetic  fields  have  not 
been  not  directly  measured,  a  problem  quite  similar  to  that  foimd  in  residential  studies. 
Those  who  investigate  occupational  exposures  have  had  to  rely  on  occupation,  often  as 
reported  on  the  death  certificate,  or  on  job  title  as  a  surrogate  to  indicate  presence  of 
exposure.  The  following  discussion  of  two  reports  illustrates  how  this  can  be  nnisleading.  In 
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a  study  of  brain  cancer  among  a  variety  of  electrical  occupations  in  Maryland,  Lin  et  al  (1985) 
ranked  workers  according  to  probability  of  exposure  to  electric  and  magnetic  fields.   In  their 
estimation,  electrical  engineers  were  among  the  most  exposed  of  all  workers  coi\sidered.  In 
an  unrelated  study  of  electrical  occupations  in  Washington  State,  Milham  (1985)  excluded 
electrical  engineers  from  consideration,  "...because  their  electrical  exposures  are  infrequent." 
Subsequently,  Bowman  and  colleagues  (1988)  measured  electric  and  magnetic  field  levels  at 
power  line  frequencies  in  various  occupational  settings.  The  highest  exposure  levels  were 
obtained  for  electricians,  power  line  workers,  and  welders.  These  preliminary  measures  gives 
some  support  to  the  assimiption  that  electric  and  magnetic  field  levels  in  the  workplaces 
selected  were  higher  than  those  typically  in  residences,  although  the  range  of  occupational 
exposure  levels  is  broad  and  is  likely  to  vary  throughout  the  course  of  a  workday. 

Recently,  a  preliminary  study  by  a  team  of  researchers  from  Johns  Hopkins  University 
(Matanoski  et  al,  1989)  reported  increased  rates  of  several  cancer  (leukemia,  lymphoma,  and 
male  breast  cancer)  among  telephone  line  workers  in  New  York  State,  relative  to  rates  among 
telephone  company  employees  who  were  not  line  workers.  While  the  study  also  reported 
magnetic  field  levels  for  the  various  job  classifications  studied,  these  field  strengths  were 
derived  from  out-of-state  measurements,  and  may  not  apply  to  the  New  York  population. 
As  in  the  other  E/MF  occupational  studies,  there  was  no  information  provided  on  the  nature 
and  extent  of  exposures  of  these  workers  to  chemicals  during  their  working  life.  While  this 
study  atfracted  a  great  deal  of  attention  in  the  media,  it  should  be  emphasized  that  the  study 
is  stUl  in  progress,  and  the  interim  results  should  not  be  taken  as  definitive.  Two  subsequent 
studies  have  examined  the  rates  of  male  breast  tumors  among  occupations  with  putative 
E/MF  exposures,  with  one  (Demers  et  al,  1990)  reporting  a  positive  association  and  the  other 
no  association  (Vena  et  al,  1990). 

Finally,  in  1987,  the  California  State  Health  and  Welfare  Agency  together  with  the 
Department  of  Health  Services  issued  a  study  entitled  California  Occupational  Mortality: 
1979-1981  (Kizer  et  al,  1987).   In  this  study,  deaths  that  occurred  between  1979  and  1981 
among  the  1 1  million  men  and  women  employed  in  California  were  analyzed  according  to 
occupation;  more  than  130,000  deaths  (male  and  female)  were  included  in  the  study.  The 
study  indicated  that,  by  and  large,  cancer  rates  among  those  in  the  electrical  occupations 
were  not  abnormally  high  with  reference  to  the  general  population. 

The  literature  on  occupational  exposures  is  too  extensive  for  each  study  to  be  reviewed  in 
detail  in  this  summary  document.   Nevertheless,  the  general  limitations  noted  above  indicate 
that  conclusions  about  the  possible  contribution  of  electric  or  magnetic  field  exposure  to 
cancer  cannot  be  deduced  from  the  occupational  literature  because  of  the  lack  of  exposure 
assessments,  and,  in  most  cases,  the  absence  of  control  for  other  potential  carcinogenic 
factors.   Further  occupational  research  into  this  issue  is  continuing. 

Cancer  Studies  -  Conclusion 

The  epidemiologic  studies  conducted  to  date  fail  to  demonstrate  that  magnetic  field  exposure 
leads  to  an  increased  risk  of  cancer.   A  universal  deficiency  in  this  literature  concerns 
exposure  assessment.   In  rio  case  was  total  exposure  of  study  subjects  to  magnetic  fields 
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estimated.  Rather,  exposure  was  based  largely  on  surrogate  measures,  such  as  wiring  codes. 
The  best  attempts  to  estimate  personal  exposure  occurred  in  two  community  studies  in  which 
direct  spot  measurements  of  the  magnetic  fields  in  subject  homes  were  taken  (Savitz  et  al, 
1988;  Severson  et  al,  1988).   In  neither  of  these  cases  was  cancer  incidence  correlated  with 
actual  magnetic  field  strength. 

Epidemiology  studies  are  extremely  challenging,  primarily  because  of  the  difficulty  in 
controlling  for  all  the  variables  inherent  in  a  human  population.   In  fact,  one  expects  that  any 
epidemiologic  study  conducted  has  associated  with  it  some  level  of  systematic  error,  the 
investigator^s  goal  is  to  minimize  error  in  order  to  maximize  validity.   In  the  community 
epidemiology  literature  reviewed  above  many  potential  (and  unresolved)  sources  of 
systematic  error  can  be  identified  in  both  the  positive  and  the  negative  studies.   For  example, 
in  the  studies  of  Savitz  et  al  (1988)  and  Severson  et  al  (1988),  the  per  cent  of  homes  available 
for  measurements  were  not  as  high  as  one  would  optimally  prefer,  a  situation  which  could 
affect  data  quality.  This  problem  was  inherently  imavoidable,  as  some  people  had  moved 
and  others  did  not  want  measurements  taken  in  their  home.  The  problem  of  non- 
participation  (i.e.,  missing  data)  in  these  two  case-control  studies  was  more  acute  among  the 
cases  than  among  the  controls,  leading  to  the  possibility  of  bias. 

Because  virtually  all  studies  include  some  level  of  imcertainty  about  data  quality,  decisions 
about  causality  are  predicated,  not  on  the  findings  of  a  single  study,  but  on  the  entire  body 
of  literature  available.  Select  key  factors  to  be  taken  into  account  in  determining  causation 
include  (see  HEW,  1964;  HUl,  1965): 

•  Consistency  -  The  results  from  epidemiologic  studies  of  different  designs  on 
different  populations  should  be  in  reasonable  agreement  with  one  another. 

•  Strength  of  association  -  Causative  arguments  are  strengthened  when  the  relative 
risks  are  high  and  when  the  associations  between  exposure  and  effect  are 
statistically  significant;  for  high-level  associatioi«  of  exposure  with  disease,  risk 
estimates  can  tolerate  imprecision;  the  risk  of  lung  cancer  from  asbestos  exposure 
(relative  risks  between  roughly  5  and  20),  especially  among  cigarette  smokers 
(relative  risks  between  roughly  25  and  50),  is  an  example  of  a  strong  association 
(Hammond  et  al,  1979;  Selikoff  et  al,  1980;  Berry  et  al,  1985). 

•  Coherence  -  causation  is  more  plausible  if  it  can  be  based  on  known  scientific 
principles  or  established  findings;  coherence  thus  may  rely  on  data  from  scientific 
disciplines  other  than  epidemiology  (e.g.,  laboratory  research). 

•  Dose-response  relationship  -  The  magnitude  of  the  association  should  increase 
with  increasing  exposure;  for  example,  higher  exposures  to  radon  gas  lead  to 
higher  risks  of  lung  cancer. 

The  following  discusses  the  epidemiology  literature  reviewed  above  in  the  light  of  these 
criteria: 

•  Consistencv:  The  foregoing  review  demonstrates  the  lack  of  consistency  of 
findings  across  studies  and,  in  certain  cases,  within  studies.  Some  studies  report 
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positive  results,  and  an  equivalent  number  report  negative  results.  The  one  study 
positive  for  wiring  codes  (Savitz  et  al,  1988),  that  also  includes  indoor 
measurements,  fails  to  find  significant  associations  for  the  latter.  This  problem  of 
inconsistency  in  the  literature  also  extends  to  the  cancer  types  implicated  in  the 
studies.   For  example,  Wertheimer  and  Leeper  (1979)  reported  increased  leukemia 
rates  for  children,  whereas  Tomenius  (1986),  who  reports  positive  results  for  all 
childhood  cancers  combined,  observed  no  excess  risk  for  leukemia.  Wertheimer 
and  Leeper,  upon  subsequent  analysis  of  their  adult  study  (1982)  fail  to  find  an 
association  of  wiring  codes  with  leukemia  (see  Wertheimer  and  Leeper,  1987),  but 
the  occupational  literature  points  to  a  variety  of  electrical  occupations  (which 
involve  adults  only)  in  which  leukemia  is  elevated. 

•  Strength  of  Association:  The  estimates  of  relative  risks  in  the  studies  reporting 
positive  associations  are  in  the  range  of  1.5  to  3.0.  By  the  standards  of  practically 
all  other  exposures  demonstrated  to  cause  cancer,  these  associations  are  weak, 
and  subject  to  questions  about  confoimding  and  bias.  Substances  with 
unquestioned  carcinogenicity,  such  as  cigarette  smoke,  asbestos,  and 
diethylstilbestrol,  have  relative  risks  greater  than  10. 

•  Coherence  (biologic  plausibility):  The  section  on  laboratory  studies  that  follows 
indicates  that  the  data  do  not  support  evidence  of  a  linkage  between  magnetic 
field  exposure  and  carcinogenic  effects  (iiutiation  and  promotion)  at  exposure 
levels  far  in  excess  of  those  associated  with  cancer  in  the  positive  epidemiologic 
studies.   Without  demonstrated  carcinogenic  effects  or  biological  mechanisms 
from  laboratory  research  to  explain  such  effects,  the  plausibility  of  a  magnetic 
field  effect  on  cancer  is  not  evident. 

•  Dose-Response:  Because  of  the  uniform  lack  of  information  on  total  exposure  to 
magnetic  fields  among  the  individual  subjects  in  all  of  the  studies  published  to 
date,  an  assessment  of  dose-response  is  not  possible.  The  two  studies  that 
included  indoor  magnetic  field  measurements  showed  no  significant  relation  of 
exposure  level  with  cancer. 

Thus,  the  epidemiology  studies  conducted  on  magnetic  fields  and  cancer,  considered  as  a 
body  of  information,  fail  to  satisfy  criteria  traditionally  considered  in  assessing  causation. 
The  studies  are  inconsistent,  do  not  have  particularly  strong  associations,  lack  biological 
plausibility,  and  fail  to  demonstrate  a  positive  relation  between  exposure  and  response.  On 
the  weight  of  this  evidence,  one  cannot  conclude  that  magnetic  fields  cause  cancer. 

Reproductive  Outcome 

Only  two  studies  concerned  with  the  potential  effect  of  electric  and /or  magnetic  fields  on 
pregnancy  outcome  within  community  populations  have  been  published  as  full  papers.  The 
sources  of  exposure  to  the  fields  in  these  studies  were  electric  blankets  and  electrically-heated 
waterbeds  (Wertheimer  and  Leeper,  1986)  and  ceiling  cable  heat  (Wertheimer  and  Leeper, 
1989).   A  third  study  on  malformations  and  use  of  electric  blankets  and  electrically-heated 
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waterbeds  was  recently  presented  by  Dlugosz  et  al  (1990).  None  of  these  studies  examined 
the  association  between  pregnancy  outcome  and  exposure  to  fields  from  transmission  or 
distribution  lines,  nor  did  they  include  actual  measures  of  field  exposure. 

In  their  study  on  electrically  heated  beds,  Wertheimer  and  Leeper  (1986)  attempted  to 
determine  whether  or  not  the  use  of  an  electric  blanket  or  heated  waterbed  influenced  several 
reproductive  parameters,  including  gestation  time,  birth  weight,  and  fetal  loss  due  to 
miscarriage.'   The  population  base  for  the  study  consisted  of  those  families  who  delivered  in 
two  (unidentified)  Denver  area  hospitals  in  1982  (over  four  thousand).  Of  these,  gestation, 
birth  and  limited  demographic  data  (from  published  records),  and  information  about  electric 
blanket  and  waterbed  use  (from  telephone  survey)  were  available  for  only  29%  of  the  base 
population.  The  non-random  loss  of  over  70%  of  the  population  base  can  result  in  a  sample 
that  does  not  adequately  represent  the  general  population.   In  addition,  no  data  were 
collected  on  potentially  confounding  exposures,  such  as  smoking,  alcohol  and  drug  use,  all  of 
which  may  exert  adverse  effects  on  reproduction  (e.g.  retarded  growth,  congenital 
malformations)  (Kalter  and  Warkany,  1983). 

Several  other  problems  in  design  and  analysis  beset  this  study.  First,  gestation  time  and 
birthweight  are  not  expressed  in  terms  that  are  appropriate  for  the  assessment  of 
environmental  effects.  Both  gestation  time  and  birth  weight  fluctuate  from  birth  to  birth  and 
the  norms  for  these  two  parameters  span  a  range.   (For  example,  a  normal  gestation  period  is 
between  38  and  42  weeks.)  Wertheimer  and  Leeper  do  not  express  their  data  in  a  format 
that  one  can  tell  if  unexposed  and  exposed  groups  were  within  the  norm  or  if  one  group  was 
different  from  the  another  in  a  meaningful  way.  Second,  fetal  loss  was  not  expressed  on  the 
basis  of  the  number  of  pregnancies  at  risk,  but  rather  in  a  totally  unorthodox  fashion  on  the 
basis  of  subsequent  livebirth.  The  bias  this  approach  introduces  may  be  appreciable  but 
cannot  be  estimated  with  the  available  data. 

Therefore,  the  study  design  and  sample  selection  scheme  used  by  Wertheimer  and  Leeper  are 
inadequate  for  assessing  potential  effects  of  electric  blanket  and  waterbed  use  on  pregnancy 
outcome.  The  exposed  and  unexposed  samples  selected  did  not  represent  the  base 
population  served  by  the  two  hospitals. 

•  The  quantification  of  gestation  time,  birth  weight,  and  fetal  loss  were  expressed  in 
an  inappropriate  fashion. 

•  Potential  confounders  associated  with  lifestyle  factors  (e.g.,  alcohol)  were  not 
included  in  the  analyses. 

The  second  study  by  Wertheimer  and  Leeper  on  pregnancy  outcome  focused  on  births  in  the 
two  towns  of  Eugene  and  Springfield,  Oregon  for  the  years  1983  and  1985  (why  1984  was 
omitted  is  not  stated).  A  large  portion  of  homes  in  these  towns  use  ceiling  cable  heating  in 


'  Although  electric  blankets  and  heated  waterbeds  both  produce  user  exposure  to  electric  and 
magnetic  fields,  they  also  produce  heating,  which  has  been  associated  with  adverse  reproductive 
outcome  (e.g.  congenital  malformations)  in  both  humans  and  animals.  The  potential 
confounding  influence  of  heating  is  acknowledged  by  the  investigators. 
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the  winter,  which  according  to  the  investigators  produces  both  magnetic  and  electric  fields. 
The  objective  of  the  study  was  to  determine  if  seasonal  patterns  of  fetal  loss  and  use  of 
ceiling  cable  heat  were  associated. 

This  study  is  fraught  with  many  of  the  same  problems  as  the  electric  bed  study  described 
above.   Fetal  loss  included  only  those  that  occurred  within  a  year  prior  to  conception  of 
livebirths  during  1983  and  1985,  and  were  reported  in  units  of  abortion  per  livebirth,  which, 
is  not  appropriate  as  discussed  above.   Data  were  available  for  only  a  fraction  of  the  base 
population;  livebirth  conception  addresses  were  available  for  32%  of  all  livebom,  and  37%  of 
the  abortions  had  identifiable  residences.   Also,  potential  lifestyle-associated  confounders 
were  not  included  in  the  analyses.   In  addition  to  these  problem  areas  shared  with  the 
previous  study,  Wertheimer  and  Leeper  provide  no  evidence  that  they  examined  whether 
homes  with  ceiling  cable  heat  may  be  associated  with  other  environmental  factors  of  potential 
relevance.   For  example,  are  such  homes  found  within  geographic  regions  within  the  two 
towns,  or  are  they  randomly  distributed?  Thus,  these  two  studies  are  not  of  adequate  quality 
to  address  questions  about  exposure  to  electric  and  magnetic  fields  and  pregnancy  outcome 
among  the  general  population.   In  the  third  study  (for  which  sufficient  detail  is  not  yet 
available),  Dlugosz  et  al  (1990)  report  that  the  use  of  electrically-heated  bedding  and  the 
occurrence  of  congenital  malformations  are  not  associated. 

General  Health 

Since  the  1970s,  several  epidemiology  studies  of  good  quality  have  investigated  the  general 
health  status  of  people  exposed  occupationally  to  electric  and  magnetic  fields.  These  studies 
have  included  utility  personnel  in  Canada,  Sweden,  and  Great  Britain  who  work  on  overhead 
lines  and  in  substations  (Stopps  and  Janischewskyj,  1979;  Knave  et  al,  1979;  Broadbent  et  al, 
1985),  as  well  as  Italian  railroad  substation  workers  (Baroncelli  et  al,  1986).   The  motivating 
force  for  these  studies  arose,  in  part,  from  concerns  based  on  several  Soviet  studies  of  the  late 
1960s-early  1970s,  which  reported  a  broad  range  of  nonspecific  subjective  symptoms  (e.g., 
irritability,  fatigue)  associated  with  switchyard  work  (Asanova  and  Rakov,  1966;  Korobkova 
et  al,  1972).  Soviet  scientists  later  conceded  that  these  concerns  had  been  'overstated' 
(Bourgsdorf,  1980). 

The  more  recent  general  health  studies,  cited  above,  collected  data  on  a  broad  range  of 
endpoints.  Workers  were  included  in  physical  examinations,  laboratory  studies  of  blood 
biochemistry  and  cell  counts,  neurological  assessments,  and  psychiatric  and  psychological 
examinations.   In  addition,  occupational  exposures  to  the  fields  were  quantified  using  a 
combination  of  measurement  and  estimates  based  on  calculations.^  In  no  case  were  adverse 
health  effects  of  any  type  associated  with  occupational  exposure  to  electric  or  magnetic  fields. 


^  The  studies  of  utility  workers  quantified  only  electric  field  exposure.  However,  these 
exposures  were  probably  accompanied  by  magnetic  fields  as  a  result  of  current  flows  on  the  lines 
and  in  the  switchyards.  The  study  of  railway  workers  estimated  both  electric  and  magnetic 
fields. 
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LABORATORY  STUDIES 

An  environmental  health  question  needs  to  be  evaluated  on  the  basis  of  evidence  from  both 
human  epidemiologic  studies,  as  well  as  from  laboratory  investigations.   The  following 
discussion  considers  the  laboratory  research  relevant  to  the  areas  covered  above  in  the 
preceding  section  on  epidemiology,  including  cancer,  reproduction,  and  general  health. 


Cancer 

As  previously  discussed  (Section  3),  the  weak  association  between  wiring  configurations  of 
distribution  lines  outside  of  homes  and  the  occurrence  of  childhood  cancers  observed  in  some 
epidemiological  studies  has  raised  the  possibility  that  exposure  to  magnetic  fields  may  in 
some  way  influence  the  development  of  cancer.   A  number  of  laboratory  studies  have 
investigated  responses  that  bear  upon  this  question.   The  value  of  considering  laboratory 
research  along  with  epidemiological  research  is  clearly  demonstrated  by  the  fact  that 
practically  all  known  human  carcinogens  have  been  shown  to  be  carcinogens  in  animals  as 
well.   Biological  responses  to  electric  and  magnetic  fields  that  may  be  relevant  to  the 
appearance  of  cancerous  tumors,  and  to  stages  in  the  development  of  those  tumors  in 
animals,  have  received  considerable  study. 

Cancer  development  is  generally  divided  into  three  sequential  stages:   initiation,  promotion 
and  progression.   Initiation  is  an  irreversible  step,  likely  to  involve  damage  to  the  cellular 
genetic  material  (DNA).   Promotion,  the  second  event,  involves  the  growth  of  initiated  cells. 
This  step,  unlike  initiation,  does  not  usually  involve  damage  to  the  DNA,  and  hence  is 
reversible.   Progression,  the  final  stage,  is  believed  to  involve  further  changes  to  the  DNA, 
and  like  initiation  is  irreversible.   EHiring  progression,  the  abnormal  cells  may  spread  to  other 
sites  in  the  body,  grow  more  uncontrollably,  and  become  less  responsive  to  normal  ceUular 
signalling  (Pitot,  1987). 


Tumor  Initiation 

The  ability  of  electric  and  magnetic  fields  to  produce  mutations  to  the  genetic  material  of 
cells  and  so  lead  to  initiation  has  been  studied  in  whole  animals  and  in  a  variety  of  cells  in 
vitro.   Mice  exposed  to  strong  electric  and  magnetic  fields  (e.g.,  a  50  kV/m  electric  field  plus 
a  10  G  magnetic  field  in  the  study  by  Benz  et  al,  1987)  are  not  found  to  exhibit  genetic 
damage.   At  electric  field  intensities  2-6  fold  above  this  level,  an  increase  in  micronuclei 
formation,  reflecting  an  aberrant  separation  of  chromosomal  material,  has  been  reported  in 
exposed  mice  (El  Nahas  and  Oraby,  1989)  but  the  significance  of  these  observations  at  such 
intensities  is  unknown. 

Some  investigators  have  examined  chromosomal  abnormalities  in  blood  cells  taken  from 
workers  in  high  voltage  facilities.  Bauchinger  et  al  (1981)  reported  that  white  blood  cells 
from  these  workers  showed  no  increase  in  chromosome  abnormalities.  However,  other 
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researchers  (Nordenson  et  al,  1984, 1988)  showed  a  larger  number  of  chromosomal 
abnormalities  in  substation  workers.  These  authors  convincingly  argued  (Nordenson  et  al, 
1984)  that  the  observed  chromosomal  alterations  were  not  attributable  to  electric  field 
exposure,  but  may  have  resulted  from  spark  discharges  received  by  substation  workers  in  the 
course  of  their  work. 

Moreover,  extensive  studies  of  various  human  and  animal  cell  types  exposed  in  vitro  to 
either  60-Hz  electric  fields  or  to  60-Hz  magnetic  fields  (even  at  levels  thousands  times  higher 
than  environmental  exposures)  show  no  indication  of  damage  to  DNA,  the  capacity  to  repair 
DNA  damage,  micronuclei  formation  or  increased  chromosomal  aberrations  (Nordenson  et  al, 
1984;  Whitson  et  al,  1986;  Cohen,  1987a;  Frazier  et  al,  1987;  Livingston  et  al,  1987;  Benz  et  al, 
1987;  Reese  et  al,  1988;  Rosenthal  and  Obe,  1989),  except  for  a  report  on  lymphocytes  from 
cattle  (d'Ambrosio  et  al,  1985,  1989).   Mutagenic  damage  to  DNA  also  has  not  been  observed 
in  standardized  test  systems  employing  bacterial  cells  (Juutilainen  and  Liimatainen,  1986). 

In  summary,  there  is  a  consensus  among  studies  of  cells  from  a  variety  of  species  (including 
human),  that  exposures  to  either  or  both  electric  and  magnetic  fields,  at  a  range  of  intensities, 
in  vivo  or  in  vitro,  are  imable  to  produce  damage  in  the  DNA  or  chromosomes  of  a  variety 
of  cells. 


Tumor  Promotion  and  Tumor  Progression 

The  biology  of  tumor  promotion  and  progression  are  not  as  well  understood  as  that  of 
initiation.   However,  some  general  characteristics  of  these  stages  have  been  defined.  Tumor 
promoters  —  unlike  substances  that  are  tumor  initiators  —  generally  do  not  necessarily 
exercise  their  effects  through  damage  to  DNA  (Diamond,  1984).   For  a  tumor  promoter  to  act, 
it  is  generally  required  that  cells  must  have  first  been  initiated.   In  fact,  a  tumor  promoter 
administered  to  an  animal  in  the  absence  of  prior  initiation  does  not  generally  cause  tumor 
promotion.  Tumor  progressors,  like  promoters,  induce  cellular  growth,  and  the  affected  cells 
become  more  "variant  in  behavior".  Progressors,  more  than  promoters,  influence  the  final 
events  in  cancer  development  (Nowell,  1986). 

Unlike  the  situation  for  initiators,  there  is  no  general  agreement  on  the  validity  of  specific 
assays  for  the  identification  of  tumor  promoters  or  progressors  (Yamasaki,  1988;  Langenbach 
et  al,  1988).   At  present,  promotion  and  progression  have  been  analyzed  using  assays  that 
reflect  the  limited  knowledge  about  the  biology  of  these  stages  of  cancer  development. 
Therefore,  research  on  the  possible  effects  of  electric  or  magnetic  fields  on  the  promotion  or 
progression  of  cancer  has  focused  on  two  approaches:  (i)  in  vivo  assays  with  experimentally 
induced  tumors,  and   (ii)  in  vitro  biochemical  assays  for  cell  growth  and  changes  in  enzyme 
activities. 
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In  Vivo  Studies  -  Tumor  Promotion 

The  effect  of  electric  or  magnetic  field  exposure  on  tumor  promotion  has  been  examined  in 
three  different  'classical'  animal  model  systems: 

•  rat  mammary  tumor 

•  rat  liver 

•  mouse  skin  systems  (Buntenkotter  et  al,  1990;  Le  Bars,  1988;  Leung  et  al,  1988; 
McLean  et  al,  1990;  Rannug  et  al,  1990) 

In  each  study,  the  animals  were  first  exposed  to  a  chemical  initiator  and  then  to  electric  or 
magnetic  fields,  to  determine  if  the  fields  can  act  as  promoters. 

To  determine  if  electric  fields  promoted  the  growth  of  mammary  timiors,  Le  Bars  et  al  (1983) 
exposed  rats  to  a  50  kV/m  electric  field  for  one  and  one-half  months  before,  and  for  7 
months  after  receiving  a  chemical  initiator.  There  was  no  difference  between  control  and 
exposed  rats  in  the  time  of  tumor  appearance,  the  number  of  tumors  per  rat,  or  the 
histological  appearance  of  the  tumors  that  developed.   A  preliminary  report  (Leung  et  al, 
1988)  has  indicated  that  electric  field  exposure  (40  kV/m)  does  not  affect  the  percent  of  rats 
that  develop  mammary  tumors  after  treatment  with  a  chemical  initiator;  however,  there  was 
a  slight  and  possibly  significant  increase  in  the  number  of  tim:iors  per  tumor-bearing  rat  that 
develop  upon  field  exposure.  The  study  by  Levmg  et  al  (1988)  used  a  similar  experimental 
design  to  Le  Bars  et  al  (1983),  although  the  electric  field  exposures  were  of  shorter  duration 
and  lower  field  intensity.   Most  recently,  Buntenkotter  et  al  (1990)  examined  the  development 
of  mammary  tumors  in  female  rats  first  fed  a  chemical  initiator  followed  by  no  exposure, 
sham-exposure  or  exposure  to  30  mT  (300,000  mG)  magnetic  fields  for  91  days.   (No  positive 
control  was  included  in  the  experiment).  This  study  reported  that  exposure  to  magnetic 
fields  had  no  effect  on  promotion.  Therefore,  no  consistent  effect  of  exposure  of  rats  to 
electric  or  magnetic  fields  has  been  observed  on  the  development  of  nummary  tumors. 

Rannug  et  al  (1990)  studied  the  tumor  promoting  effects  of  magnetic  fields  on  the 
development  of  liver  foci  in  initiated  mice.   Liver  tumors  in  mice  are  preceded  by  the 
development  of  focal  cell  proliferation  (foci),  which  are  viewed  as  precancerous  lesions.  In 
this  study,  mice  were  subjected  to  partial  removal  of  the  liver,  exposed  to  an  initiator 
followed  by  exposure  to  magnetic  fields  (5  mG,  50  mG,  500  mG  and  5  G)  or  phenobarbital  (a 
known  timior  promoter  in  this  system)  or  neither.  The  control  group  and  each  experimental 
group  contained  10  mice.  Using  this  protocol,  phenobarbital  promoted  the  development  of 
precancerous  lesions,  while  magnetic  fields  did  not. 

In  addition,  McLean  et  al  (1990)  studied  the  effect  of  magnetic  field  exposure  on  tumor 
promotion  in  the  mouse  skin  system.   Chemically  initiated  mice  were  exposed  to  20  G 
magnetic  fields  or  the  known  tumor  promoter  TPA,  which  was  included  as  a  positive  control. 
Unlike  TPA,  magnetic  fields  did  not  produce  tumors  or  irritation  in  the  skin.   In  addition,  the 
fields  did  not  affect  immune  responses  —  such  as  spleen  size  or  natural  killer  (NK)  cell 
activity.  Therefore,  electric  or  magnetic  fields  have  not  acted  as  timior  promoters  in  any 
animal  model  system  studied  to  date 
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McLean  et  al  also  studied  the  effect  of  magnetic  fields  on  co-promotion  in  the  mouse  skin 
system,  (Co-promotion  means  that  a  chemical  or  agent  interacts  with  known  tvmior 
promoters  and  enhances  the  promoter's  effect).   In  these  experiments,  the  animals  were 
initiated  with  chemicals  and  then  exposed  to  TPA  in  the  presence  or  absence  of  fields.   No 
differences  among  groups  were  noted  in  the  percentage  of  mice  with  tumors,  the  mean 
number  of  tumors/mouse  or  the  time  that  the  first  tumor  appeared.   (Using  their  protocol,  it 
was  not  possible  to  detect  subtle  effects  of  magnetic  field  exposure).  Preliminary  results 
suggested  that  immune  responses  were  effected  in  the  mice  that  were  exposed  to  TPA  in 
conjunction  with  magnetic  fields,  compared  to  mice  exposed  to  TPA  alone. 

In  Vivo  Studies  -  Tumor  Progression 

In  a  series  of  experiments  examining  timior  progression,  Thomson  et  al  (1988)  first  injected 
mice  with  leukemia  cells  and  then  exposed  the  animals  to  60-Hz  magnetic  fields  of  up  to  5  G 
for  five  days  each  week  (six  hours  per  day)  until  death.  Control  mice  were  injected  with 
tumor  cells  but  not  exposed  to  magnetic  fields.  Several  indicators  of  the  progression  of 
leukemia  were  examined  and  no  effect  of  magnetic  field  exposure  was  observed  on  the 
progression  of  the  disease.   A  limitation  of  this  assay  is  that  the  follow-up  time  is  short,  so 
that  control  and  experimental  nnice  survive  for  only  two  weeks  after  injection  of  cells. 

Still  other  studies  have  found  no  consistent  capability  of  either  electric  or  magnetic  fields  to 
enhance  the  development  of  established  tumors.  These  include: 

•  the  effect  of  long-term  exposure  to  a  50  kV/m  electric  field  on  spontaneous 
development  of  leukemia  in  the  AKR  mouse  (Le  Bars  et  al,  1983;  Le  Bars  et  al, 
1988) 

•  the  time  of  appearance  and  weight  of  neuroblastoma  tumors  transplanted  to  mice 
and  followed  by  16  days  of  exposure  to  a  12  G  magnetic  field  (Batkin  and  Tabrah, 
1977) 

•  the  survival  of  mice  repeatedly  exposed  to  1.6  G  magnetic  fields  following 
transplantation  of  mammary  carcinomas  (Chandra  and  Stefani,  1979) 

In  contrast  to  these  overwhelmingly  negative  findings,  Fam  and  Mikhail  (1990)  found 
different  results.  They  exposed  SW-ICR  mice  to  magnetic  fields  of  250  mG  for  three 
generations.   After  150  days  of  exposure,  20%  of  the  exposed  mice  developed  lymphocytic 
lymphoma.  Unfortimately,  these  investigators  omitted  appropriate  controls  in  the 
experiment.   For  example,  it  is  unclear  if  the  mice  exposed  to  magnetic  fields  were  also 
exposed  to  heat  from  the  coils  above  the  cages.   In  the  presence  of  a  pre-existing  but 
subclinical  viral  infection  (common  to  many  laboratory  mice)  significant  heat  stress  might 
well  have  led  to  the  observed  pathology.   However,  altogether  the  in  vivo  studies  examining 
tumor  promotion  and  progression  do  not  indicate  that  60-Hz  electric  or  magnetic  fields 
influence  the  promotion  or  progression  of  tumors  in  vivo. 
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In  Vitro  Studies 

Since  a  characteristic  often  associated  with  tumor  promotion  is  alteration  of  growth 
properties,  many  investigators  have  examined  the  results  of  exposure  to  electric  or  magnetic 
fields  on  the  rate  of  cell  growth  and  DNA  synthesis  in  different  types  of  cells  in  vitro  (Liboff 
et  al,  1984;  Whitson  et  al,  1986;  Adolphe  et  al,  1987;  Basu,  1987;  Cohen,  1987;  Noda  et  al, 
1987;  Rodan,  1987).  Liboff  et  al  (1984)  reported  that  human  fibroblasts  exhibited  a  small 
increase  in  the  synthesis  of  DNA  when  exposed  in  vitro  to  sinusoidal  magnetic  fields  over  a 
wide  frequency  (IS-Hz  to  4  kHz)  and  intensity  range  (0.16  G  to  4  G). 

However,  many  of  these  studies  fail  to  show  any  effects  of  electric  and  magnetic  fields  on  cell 
growth  or  DNA  synthesis.  For  example,  Livingston  et  al  (1987)  measured  the  response  of 
cells  in  culture  to  electric  and  magnetic  fields.   No  effects  of  these  field  exposures  were 
evident  on  rate  of  growth  or  rate  of  DNA  synthesis.  In  related  experiments,  the  growth  rate 
of  cultured  rabbit  and  human  corneal  cells  were  unaffected  by  60-Hz  electric  fields,  60-Hz 
magnetic  fields,  alone  or  in  combination  (Basu,  1987). 

Possible  effects  of  electric  or  magnetic  fields  on  biochemical  measurements  of  enzymes 
believed  to  be  'markers'  of  growth  or  proliferation  have  also  been  examined.  It  must  be  kept 
in  mind,  however,  that  in  vitro  changes  in  a  'marker'  enzyme  must  be  interpreted  with 
caution,  since  alterations  in  enzyme  properties  in  vitro  are  not  always  reflected  in  vivo.  One 
enzyme  activity  that  is  increased  in  rapidly  growing  cells  is  ornithine  decarboxylase  (OEXI). 
Byus  et  al  (1987)  studied  the  effects  of  60-Hz  electromagnetic  fields  on  ODC  activity  in  tumor 
cells  in  vitro.  They  reported  that  the  intermittent  exposure  of  various  cell  types  in  vitro  to 
electric  fields  of  1()  mV/cm  for  one  hour  increased  the  activity  of  ODC  by  175%-500%.   From 
these  data  the  authors  have  suggested  that  because  electric  fields  induce  ODC  activity  they 
could  also  induce  tumor  growth.  This,  however,  is  by  no  means  the  only  —  nor  the  most 
likely  —  explanation  for  their  findings. 

Several  aspects  of  their  results  (such  as  the  time-course  of  the  increase  in  ODC  activity,  as 
well  as  the  magnitude  of  the  observed  response)  are  not  consistent  with  the  changes 
generally  induced  by  tumor  promoters.   In  addition,  although  tumor  promoters  do  increase 
OlXr  activity  in  vivo  and  in  vitro  (O'Brien  et  al,  1975;  Pegg,  1988),  not  all  agents  that  have 
the  ability  to  induce  ODC  activity  are  tumor  promoters.   For  example,  the  natural  hormone 
insulin  induces  ODC  activity  in  Uver  cells  and  a  natural  reproductive  hormone  (luteinizing 
hormone)  induces  ODC  activity  in  ovary  cells  (Russell,  1980).   In  neither  of  these  cases  is  the 
induction  of  ODC  by  hormones  related  in  any  way  to  tumor  promoting  activity.  Similarly,  in 
hepatoma  cells,  the  medically  useful  steroid  dexamethasone  induces  ODC  activity  (Wu  et  al, 
1981).   Therefore,  in  the  absence  of  independent  evidence,  changes  in  ODC  activity  per  se 
cannot  be  considered  as  evidence  of  tumor-promoting  activity. 

In  summary,  investigation  of  the  responses  of  animals  and  many  kinds  of  cells  in  vitro  has 
not  revealed  that  the  growth,  proliferation  or  any  other  parameter  that  would  be  indicative 
on  cancer-imitating,  cancer-promoting  or  cancer-progressing  responses  is  affected  to  any 
significant  extent  by  exposure  to  60-Hz  electric  and  magnetic  fields.   The  appearance  of 
tumors,  stimulation  of  cells  to  uncontrolled  growth  or  damage  to  DNA  have  not  been 
observed  in  well-controlled  and  reproducible  experiments  that  exposed  animals  or  cells  to  60- 
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Hz  electric  and  or  magnetic  fields.  A  few  isolated  reports  which  have  suggested  that 
exposure  to  these  fields  may  lead  to  DNA  damage  or  to  alterations  in  the  growth  potential  of 
cells  have  failed  to  be  replicated  in  subsequent,  more  comprehensive  studies.  Thus,  the 
experimental  data  available  to  date  fail  to  provide  biological  plausibility  to  the  suggestion 
that  exposure  to  60-Hz  electric  or  magnetic  fields  may  be  associated  with  an  increased  risk  of 
cancer  development. 

Studies  of  Cellular  Function 

Production  of  RNA  and  Proteins 

Protein  synthesis  is  an  essential  and  continuous  activity  of  cells.  The  process  of  protein 
synthesis  involves  the  production  of  messenger  RNA  (mRNA)  molecules  from  the  DNA 
template  and  translation  of  the  mRNA  into  proteins.  Goodman  and  colleagues  have 
investigated  the  effects  of  electric  and  magnetic  fields  on  RNA  transcription  and  the 
production  of  proteins  (Goodman  and  Henderson,  1986;  Goodman  et  al,  1987;  Goodman  and 
Henderson,  1988;  Goodman  et  al,  1988,  1989a,  1989b).  They  reported  that  exposure  of 
isolated  salivary  gland  cells  from  Sciara  flies  to  60-  or  72-Hz  sinusoidal  magnetic  fields 
ranging  from  10-30  G  resulted  in  a  qualitative  and  quantitative  increase  in  RNA  transcripts. 

Since  an  increase  in  transcription  should  be  reflected  in  changes  in  protein  synthesis, 
Goodman  and  Henderson  (1988)  have  investigated  the  effects  of  electric  and  magnetic  fields 
on  protein  synthesis  in  isolated  salivary  gland  cells  from  Sciara  flies.   Cells  exposed  to  60- 
and  72-Hz  sinusoidal  electric  and  magnetic  fields  revealed  a  protein  pattern  that  was 
different  from  that  observed  in  the  unexposed  controls.  (The  experimental  method  they  used 
does  not  distinguish  between  new  protein  synthesis  and  changes  in  existing  proteins.) 
Interestingly,  some  of  the  changes  they  observed  are  changes  that  occur  in  response  to  other 
environmental  factors,  such  as  an  increase  in  temperature. 

More  recently  Goodman  et  al  (1988,  1989a,  1989b)  have  run  similar  experiments  using  a 
human  cell  line,  Hl-60.  They  have  reported  that  exposure  of  these  cells  to  electric  and 
magnetic  fields  also  results  in  changes  in  RNA  transcription  and  protein  synthesis.  They  also 
foimd  that  exposure  of  Hl-60  cells  to  a  sinusoidal  60-Hz  electric  and  magnetic  fields  [1.5  mV  - 
—given  the  information  in  this  paper,  the  electric  field  cannot  be  calculated — and  1.5  mT]  for 
20  minutes  increased  the  level  of  messenger  RNA  transcripts  for  v-myc,  histone  and  B-actin, 
which  are  the  products  of  an  oncogeny  and  two  normal  proteins  respectively. 

Preliminary  results  from  a  study  of  similar  design  reported  different  results  (Skowronski  et  al 
1990).  The  investigators  found  that  exposure  of  Hl-60  cells  to  10  G  magnetic  fields  resulted 
in  an  increase  in  RNA  transcription.  However,  they  observed  an  increase  in  a  different  type 
of  RNA  than  reported  by  Goodman  and  colleagues. 

Since  changes  in  transcription  are  part  of  the  normal  repertoire  of  cellular  responses  to 
various  stimuli,  these  data  in  themselves  are  not  indicative  of  a  harmful  effect,  unless  the 
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specific  protein  or  RNA  molecules  that  have  been  changed  after  exposure  to  electric  and 
magnetic  fields  are  identified  and  associated  with  disease  states. 

Studies  of  Immunological  Function 

The  immime  system  is  the  body's  first  line  of  defense  against  disease.  The  function  of  the 
immune  system  is  to  recognize  and  destroy  substances  identified  as  'foreign'  to  the  organism. 
These  can  be  chemicals,  bacteria,  viruses,  or  cells  that  have  acquired  altered  characteristics, 
such  as  cancer  cells. 

The  performance  of  the  immune  system  in  vivo  has  been  assessed  by  analyzing  blood  and 
serum  samples  for  changes  in  specific  immune  proteins  (antibodies,  complement)  or  the 
distribution  of  the  various  types  of  immune  cells  (these  include  T  and  B  lymphocytes, 
macrophage,  and  natural  killer  cells).  Many  studies  have  been  performed  to  evaluate  the 
effect  of  exposing  humans,  mice  or  rats  to  60-Hz  electric  and /or  magnetic  fields  on  the 
function  of  the  immune  system  (Morris  and  Ragan,  1979;  Morris  and  Phillips,  1982;  Ragan  et 
al,  1983;  Seto  et  al,  1986;  Fotopoulos  et  al,  1987;  Morris  1989,  Graham  et  al,  1990).  None  of 
the  in  vivo  assays  show  that  electric  and/or  magnetic  fields  affect  the  competence  of  the 
immune  system. 

Further  analyses  of  the  effect  of  electric  and  magnetic  fields  on  immune  function  have  been 
performed  using  isolated  immune  cells  in  vitro.  Winters  (1987)  exposed  canine  and  human 
lymphocytes  to  electric,  magnetic  or  combined  fields  and  they  did  not  observe  any  effects  in 
levels  of  cell  surface  antibodies  or  specific  receptors.  There  was  also  no  effect  on  DNA 
synthesis  even  for  lymphocytes  stimulated  to  divide  ("activated  lymphocytes")  prior  to 
exposure  to  electric  and  magnetic  fields. 

Another  category  of  in  vitro  immunological  assays  are  cytotoxicity  assays.  These  assays  test 
the  ability  of  certain  types  of  'killer'  cells  (i.e.,  cytotoxic  T-lymphocytes,  natural  killer)  to 
destroy  specific  tumor  cells.  One  study,  by  Lyle  et  al  (1988)  reported  a  dose-dependent 
reduction  of  T-lymphocyte  cytotoxicity  after  exposure  of  these  cells  to  electric  fields  that  are 
1,000  times  greater  than  those  near  a  transmission  line.  Using  a  different  cytotoxicity  assay, 
Morris  (1989)  reported  that  exposure  of  a  mixture  of  mouse  spleen  cells  to  20  G  magnetic 
fields  had  no  effect  on  the  cytotoxic  response  of  the  natural  killer  cells  in  this  cell  population. 

In  conclusion,  the  in  vivo  data  demonstrate  that  exposure  to  60-Hz  electric  and  or  magnetic 
fields  have  no  effect  on  the  immune  system.  Since  the  in  vitro  data  are  inconsistent,  they 
require  replication  with  further  in  vitro  assays  and  verification  in  an  in  vivo  system. 

Studies  of  Endocrine  Function 

A  number  of  studies  have  examined  the  effect  of  electric  fields  on  endocrine  function  (Free  et 
al;  Seto  et  al,  1984;  (^uinlan  et  al,  1985;  Wilson  et  al,  1981;  1983;  1986;  1988;  Maresh  et  al, 
1988).  Most  of  these  studies  show  no  effect  on  endocrine  parameters.   For  example,  (^inlan 
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et  al  reported  that  blood  levels  of  hormones,  including  corticosterone,  prolactin  and 
thyrotropin  were  unaffected  in  rats  exposed  to  1  or  3  hours  of  continuous  or  intermittent 
exposure  to  lOOkV/m  electric  fields. 

The  only  consistent  endocrine  response  that  has  been  reported  is  the  reduction  in  the  peak 
secretion  of  the  hormone  melatonin  from  the  pineal  gland  during  the  night.  This  has  been 
observed  in  albino  rats  continuously  exposed  to  electric  fields  (Wilson  et  al,  1981;  1983;  1986; 
1988)  for  at  least  three  weeks.  The  levels  of  melatonin  release  nevertheless  return  to  normal 
values  within  as  few  as  three  days  after  exposure.  This  response,  although  reproducible  in 
albino  rats,  is  not  considered  adverse. 


Reproduction 

Numerous  experiments  have  been  performed  to  examine  any  possible  effects  of  60-Hz  electric 
and/or  magnetic  fields  on  reproduction  and  fetal  development.  Several  animal  species  have 
been  used,  and  as  a  whole,  the  published  reports  in  this  area  provide  no  conclusive  evidence 
that  such  exposure  constitutes  a  reproductive  health  hazard. 

Much  of  laboratory  work  assessing  the  reproductive  effects  of  electromagnetic  exposure  has 
focused  on  60-Hz  electric  fields.   Marino  et  al  (1976, 1980)  were  among  the  first  investigators 
to  conduct  experiments  in  this  area,  and  reported  increases  in  fetal  mortality  in  animals 
raised  and  bred  in  3.5kV/m  and  15  kV/m  60-Hz  electric  fields.   However,  after  many 
attempts,  these  results  have  yet  to  be  replicated  by  other  investigators.   Even  at  field  levels 
much  higher  (30  kV/m  to  240  kV/m)  than  those  used  by  Marino  et  al  (1976,  1980),  the 
increases  in  postnatal  mortality  they  reported  have  never  been  reproduced  (e.g.,  Fam  et  al, 
1980;  Seto  et  al,  1984;  Sikov  et  al,  1984;  Sikov  et  al,  1987;  Rommerein  et  al,  1987,  Rommerein 
et  al,  1989). 

Some  of  the  studies  have  exposed  successive  generations  of  mice  continuously  to  60-Hz 
electric  fields.  The  purpose  of  such  studies  is  to  determine  whether  electromagnetic  exposure 
could  cause  genetic  mutations  that  might  not  show  up  in  the  offspring  of  exposed  parents, 
but  would  affect  later  generations.  These  are  called  "multigenerational"  effects;  in  everyday 
terms,  they  are  analogous  to  traits  that  "skip"  a  generation.  Such  traits  result  from  recessive 
mutations,  which  are  not  expressed  unless  both  parents  carry  the  recessive  mutant  gene. 

Seto  et  al  (1984)  conducted  a  multigenerational  study  in  which  rats  were  exposed  for  four 
generations  to  a  60-Hz  electric  field  strength  of  80  kV/m.  Conception,  birth,  and  growth  of 
each  generation  of  offspring  all  occurred  in  the  field.  Based  on  examinations  of  more  than 
2600  offspring  showed  that  electric  field  exposure  produced  no  effects  on  fertility,  nurturing, 
survival,  or  sex  ratio.  In  addition,  no  effects  of  the  electric  field  were  observed  in  the  rate  of 
fetal  malformations. 

Benz  et  al  (1987)  conducted  an  investigation  of  potential  multigenerational  influences.   They 
exposed  two  genetically  different  strains  of  mice  to  combined  60-Hz  electric  and  magnetic 
fields  (3G  and  15  kV/m  and  lOG  and  50  kV/m)  continuously  for  three  generations.   In  each 
generation  data  were  taken  for  several  parameters  of  reproductive  importance,  such  as: 
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impregnation  rate,  litter  losses,  litter  size,  gestation  time,  postnatal  growth  and  survival,  and 
sex  ratios.  None  of  these  endpoints  were  affected. 

Benz  at  al  (1987)  also  investigated  another  potential  reproductive  risk  from  electromagnetic 
exposures  called  "dominant  lethal  mutations."  These  are  changes  in  the  genetic  material  of 
sperm  or  eggs  that  are  always  lethal  to  the  offspring,  either  during  pregnancy  or  shortly  after 
delivery.  Benz  et  al  (1987)  examined  the  possibility  that  dominant  lethal  mutations  might  be 
induced  by  electric  and  magnetic  fields.  Unexposed  females  were  bred  to  males  that  had 
been  continuously  exposed  to  the  electromagnetic  fields  for  up  to  8  weeks.  This  time  of 
exposure  was  used  because  mice  begin  a  new  cycle  of  sperm  production  every  eight  weeks, 
so  the  maximimi  exposure  to  the  fields  that  any  sperm  cell  can  have  is  eight  weeks.  The 
endpoints  evaluated  in  female  mice  were  impregnation  rate,  number  of  viable  embryos,  early 
and  late  deaths  of  fetuses,  preimplantation  losses  and  litter  size.   No  changes  were  found  in 
any  of  these  endpoints. 

Reproductive  studies  have  also  been  conducted  focusing  specifically  on  60-Hz  electric  field 
effects  on  in  utero  development.  Sikov  et  al  (1984),  female  rats  were  exposed  to  an  electric 
field  strength  of  65  kV/m  in  one  of  three  ways: 

•  from  before  mating  through  gestation 

•  from  the  beginning  of  gestation  to  8  days  post-natally 

•  from  the  17th  day  of  gestation  to  25  days  post-natally  (Sikov  et  al,  1984). 

Each  exposure  lasted  thirty  days.   None  of  these  exposures  produced  effects  on  malformation 
rates  and/or  resorption,  survival,  or  growth. 

In  a  subsequent  experiment  on  rats  using  the  same  electric  field  exposure  strength  as  Sikov  et 
al  (1984),  two  replicates  (i.e.,  repetitions)  were  carried  out.   In  each  replicate  fen\ales  were 
exposed  for  four  weeks,  bred,  exposed  for  another  three  months,  and  bred  again 
(Romn\ereim  et  al,  1987).  The  female  offspring  of  the  first  mating  remained  in  the  electric 
field  and  were  bred  at  three  months  of  age.  The  results  of  the  two  replicates  differed.  One 
replicate  showed  no  deleterious  effects  on  reproduction.   In  the  other,  however,  female 
offspring  that  had  been  raised  in  the  field  were  less  fertile  and  their  litters  had  more 
malformations  than  the  exposed  animals.  The  authors  speculated  that  the  differing  results 
reflected  biological  variation  among  groups  of  animals.  In  a  recent  study,  performed  on 
pregnant  rats,  exposures  of  112  kV/m  or  150  kV/m  during  breeding,  gestation  and  rearing 
were  found  to  have  no  effect  on  mean  litter  size,  sex  ratio,  post-natal  mortality  or  growth  rate 
of  offspring  (Rommereim  et  al,  1989). 

Miniature  swine  have  also  been  used  as  a  test  species  (Sikov  et  al,  1987).   Female  swine  that 
were  bred  to  unexposed  boars  after  four  months  of  exposure  to  an  electric  field  had  normal 
pregnancy  outcomes,  when  compared  to  imexposed  controls.  When  the  exposed  females 
were  bred  for  a  second  time  (after  18  months),  increased  malformations  among  offspring  of 
exposed  animals  were  found.   Breeding  of  the  offspring  of  the  first  generation  also  produced 
mixed  results,  with  the  first  breeding  cycle  producing  an  increased  number  of  birth  defects 
and  the  second  producing  no  increase  in  the  number  of  malformations.  In  evaluating  this 
series  of  experiments,  it  is  important  to  note  that  miniature  swine  are  known  to  have  a  high 
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and  inherently  variable  rate  of  malformation.  It  is  therefore  very  difficult  to  determine  what 
role,  if  any,  the  electric  field  exposure  played  in  the  outcome  of  this  study. 

Though  most  studies  tested  for  potential  effects  of  electric  fields  on  reproductive  outcomes, 
several  studies  have  also  been  conducted  with  magnetic  fields  using  mice  (Fam,  1981)  or  rats 
(Brinkmann  et  al,  1988,  Rommereim  et  al,  1990).   None  of  these  studies  have  shown  any 
effects  of  magnetic  field  exposure  on  pregnancy  outcomes  or  malformations.  For  example, 
Rommereim  (1990)  exposed  female  rats,  found  to  be  sperm  positive,  to  60-Hz  sinusoidal 
magnetic  fields  of  either  "ambient  levels"  (below  1  mG),  "leakage  levels"  (3-12  mG)  or  "high 
levels"   (10,000  mG).   No  differences  were  found  between  sham  and  exposed  rats  in  terms  of 
maintenance  of  pregnancy,  maternal  weight  gain,  or  fetal  developmental  changes  including 
malformation  incidence. 

Although  some  of  the  studies  cited  have  reported  changes  in  reproductive  outcome,  the 
weight  of  evidence  from  animal  experimentation  supports  the  conclusion  that  60-Hz  electric 
exposures  are  not  harmful  to  reproduction  and  development.  The  two  major  investigations 
that  reported  effects  did  not  find  them  in  a  consistent  manner  (Rommereim  et  al,  1987;  Sikov 
et  al,  1987).  Rather  in  certain  generations,  each  study  showed  an  increase  in  malformations. 
As  mentioned  earlier,  this  could  result  from  normal  variations  in  the  malformation  rate 
among  animals,  which,  like  any  biological  parameter,  is  not  a  constant.  When  these 
infrequent  positive  results  are  considered  among  the  studies  that  have  reported  no  effects 
whatever,  it  is  reasonable  to  conclude  that  there  is  very  little  likelihood  that  60-Hz  electric 
fields  adversely  affect  reproductive  processes.  This  conclusion  was  shared  by  the  Scientific 
Advisory  Panel  of  the  New  York  State  Power  Lines  Project  in  their  evaluation  of  the 
possibility  that  the  60-Hz  power  transmission  electrical  environment  could  affect 
reproduction: 

'There  is  currently  no  convincing  evidence  for  field  effects  on  fertility  or 
growth.   Further  animal  studies  would  not  seem  warranted  for  these 
variables."  (PLP,  1987,  p.  133). 

Physiological  Systems 

Numerous  laboratory  studies  have  been  conducted  to  address  the  question  of  whether  60-Hz 
electric  and  magnetic  field  exposure  could  affect  the  performance,  physiology  or  associated 
cognitive  states  of  the  nervous  system.  The  specific  questions  asked  have  been  the  following: 

•  can  electric  or  magnetic  fields  be  perceived? 

•  can  these  fields  modify  the  performance  or  responses  of  individuals,  regardless  of 
whether  or  not  there  is  conscious  perception  of  the  fields? 

•  is  exposure  to  electric  and  magnetic  fields  detrimental  to  individuals? 

The  best  validated  studies  of  the  effects  of  electric  field  exposure  on  whole  animals  are  those 
that  relate  to  perceptual  reactions  by  animals  to  high-strength  electric  fields.  That  is,  the 
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animals  sense  the  presence  of  the  electric  fields,  most  likely  by  the  stimulation  of  body  fur 
(Weigel  et  al,  1987),  much  in  the  same  way  as  we  sense  static  electricity  when  combing  our 
hair  in  dry  winter  weather.  Continual  stimulation  of  fur  would  be  expected  to  produce 
secondary  physiological  adjustments,  comparable  perhaps  to  weak  adaptation  reactions 
observed  with  exposure  to  other  mild  sensory  stimuli.  Such  reactions  are  transient  and 
disappear  as  the  animals  adapt  to  continued  exposure  (Michaelson,  1987). 

Studies  in  hvimans  indicate  that  humans  perceive  electric  fields  and  that  individuals  vary  in 
their  ability  to  perceive  them,  and  most  subjects  can  detect  the  presence  of  an  electric  fields 
of  an  intensity  greater  than  5-9  kV/m  (Reilly,  1978;  Grahcim  and  Cohen,  1987).  Perception  of 
magnetic  fields  has  only  been  demonstrated  at  intensities  of  100  G  or  more.  These  intensities 
greatly  exceed  levels  that  could  be  encountered  in  the  environment,  even  directly  under  a 
high-voltage  power  transmission  line.   Human  subjects  exposed  to  ELF  magnetic  fields  of 
these  extremely  high  intensities  report  seeing  patterns  or  flashes  of  light.  These 
magnetophosphenes  completely  disappear  after  the  magnetic  fields  are  removed  and  are 
associated  with  no  adverse  effects. 

Although  several  studies  have  examined  the  general  health  of  human  or  animal  subjects 
exposed  to  electric  and/or  magnetic  fields,  few  have  been  as  thorough  and  well-controlled  as 
the  recent  report  by  Graham  and  Cohen  (1987).  These  investigators  performed  a 
comprehensive  evaluation  of  possible  effects  of  electric  and  magnetic  fields  on  human 
performance,  physiology,  and  subjective  state.  They  created  a  unique,  60-Hz  human 
exposure  facility  designed  to  generate  electric  (0-16  kV/m)  and  magnetic  fields  (0-400  mG)  in 
a  controlled  laboratory  environment.  They  used  this  facility  to  evaluate  human  physiological, 
sensory,  neural,  motor,  perceptual  and  cognitive  function  (e.g.  respiration,  heart  rate,  visual 
acuity,  focused  attention,  short-term  memory,  time  perception,  information  processing  and 
decision-making). 

There  were  no  responses  to  field  exposures  for  the  overwhelming  majority  of  the  physical, 
biological  and  psychological  measures  that  were  examined.   No  significant  effects  were 
observed  on  sleep,  appetite,  sexual  activity,  cognitive  and  physical  functions,  or  on  several 
measures  of  mood  (e.g.  vigor,  anger,  fatigue,  confusion,  depression).   Furthermore,  no 
significant  effects  were  observed  on  the  majority  of  the  vital  signs  (e.g.  blood  pressure,  oral 
temperature,  skin  conductance). 

There  were  only  three  exceptions  to  these  generally  negative  findings,  and  both  responses 
were  very  minor  in  nature  and  magnitude.  The  first  was  a  small  lengthening  of  the  cardiac 
interbeat  interval  (IBI),  by  about  the  equivalent  of  3  beats/minute.  The  magnitude  of  this 
effect  is  biologically  insignificant,  since  a  change  of  3  beats/minute  is  about  what  is  normally 
caused  by  a  person  taking  a  deep  breath.  The  second  finding  was  related  to  the  pattern  of 
brain  waves  recorded  in  an  electroencephalogram,  when  the  subjects  were  performing  some 
tasks.  The  changes  observed  were  so  slight  that  they  fell  well  within  the  normal  range.  That 
this  reflected  normal  variation  was  supported  by  the  finding  that  no  effects  of  field  exposure 
on  the  performance  of  the  task  were  observed. 

Recently,  Graham  et  al  (1990)  have  reproduced  their  earlier  results  for  other  volunteers,  using 
electric  and  magnetic  fields  with  intensities  of  9  kV/m  and  200  mG.  However,  when  these 
people  were  exposed  to  fields  of  slightly  lower  (6  kV/m  and  100  mG)  and  higher  field 
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intensities  (12  kV/m  and  300  rtxG),  no  consistent  heart  rate  differences  between  exposed  and 
sham-exposed  groups  were  observed,  for  either  the  lower  or  higher  field  intensities. 

Performance  effects,  the  third  response,  were  reported  in  response  to  combined  electric  and 
magnetic  fields.  Continuous  exposure  to  the  9  kV/m,  200mG  and  12  kV/m,  300  mG  fields 
resulted  in  few  effects  on  performance.  However,  continuous  exposure  to  the  6  kV/m  100 
mG  combined  fields  resulted  in  a  significant  slowing  of  reaction  time  as  well  as  a  decrease  in 
performance  accuracy  on  a  long-duration  time  estimation  task. 

Since  these  results  show  a  peak  response  at  a  specific  intensity  with  a  fall  off  of  response  for 
intensities  which  are  higher  or  lower  than  the  peak,  this  is  called  a  'window'  response.   It  is 
unclear  if  these  results  will  support  a  concept  of  'window'  response.   It  is  important  to 
realize  that  the  effects  that  have  been  observed  are  of  a  biologically  small  magnitude  and  not 
considered  to  be  of  an  adverse  nature. 

Other  researchers  have  conducted  experiments  with  electric  and /or  magnetic  fields  at  the 
whole  animal  level  on  a  large  variety  of  endpoints  that  involve  behavior,  neurological 
development,  and  neurochemical  metabolites  in  body  fluids.   In  many  cases,  these 
experiments  were  conducted  with  field  strengths  much  higher  than  those  found  commonly  in 
human  environments,  or  were  conducted  under  extremely  specific  conditions  that  are  not 
realistic  in  terms  of  human  experiences  and  activities.  While  investigators  have  reported 
observing  biological  changes,  none  of  these  changes  is  interpretable  in  terms  of  the  health  of 
people  resident  near  transmission  lines.  For  example,  Wolpaw  and  colleagues  (Wolpaw  et  al, 
1989;  Seegal  et  al,  1989;  Dowman  et  al,  1989)  conducted  research  on  non-human  primates 
exposed  to  three  different  combinations  of  electric  and  magnetic  fields,  with  "no  apparent 
effects  on  general  health  or  performance."   In  the  analyses  of  cerebrospinal  spinal  fluid,  CSF, 
(which  bathes  the  central  nervous  system)  the  levels  of  two  neurotransmitter  metabolites 
were  altered.  The  metabolites  that  were  altered  were  breakdown  products  of  the 
neurotransmitters,  serotonin  and  dopamine.   A  change  in  the  level  of  CSF  of  a 
neurotransmitter  degradation  product  does  not  necessarily  reflect  corresponding  changes  in 
the  level  of  neurotransmitter  itself  or  the  rate  at  which  it  is  synthesized  and  released.  The 
significance  of  these  results  is  unclear,  particularly  since  most  of  the  behavioral  measures 
were  unaffected,  and  there  was  no  evidence  of  distress  in  the  monkeys. 

Other  investigators  have  examined  the  effect  of  exposure  to  combined  electric  and  magnetic 
fields  on  performance  in  behavioral  tasks  (Salzinger  et  al,  1987;  Salzinger  et  al,  1990).   Rats 
were  sham-exposed  or  exposed  to  fields  during  pregnancy  and  for  8  days  after  birth.  When 
the  exposed  rats  were  tested  as  adults,  after  a  period  of  conditioning,  they  displayed  different 
operant  behavior  than  the  sham-exposed  rats.   However,  field  exposed  rats  did  not  differ 
from  sham  exposed  rats  in  terms  of  body  mass,  physical  appearance,  grossly  observed 
activity  level,  or  incidence  of  disease.  Therefore,  while  these  results  are  a  interest  from  a 
research  perspective,  these  findings  should  not  be  considered  as  deleterious  to  the  well-being 
of  the  animal. 

In  1989,  Gamberale  et  al  published  a  study  of  26  experienced  Swedish  linemen  who  worked 
two  'simulated'  days,  one  with  the  power  lines  energized  and  one  with  the  lines  deenergized 
(the  lineman  did  not  know  whether  the  lines  were  on  or  ofO.  The  average  exposure  levels 
during  the  work  periods  were  2.8  kV/m  and  233  mG.   For  each  of  the  two  workdays,  the 
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subjects  blood  was  drawn  (three  times  each  work  day),  their  electroencephalograms  (EEG) 
were  recorded  (four  times  each  day),  and  they  were  administered  performance  tests,  and  a 
questionnaire  to  assess  mood  and  subjective  state.  The  investigators  concluded,  "this  study 
could  not  show  any  negative,  acute  effect  on  the  nervous  system  caused  by  exposure  to 
electric  and  magnetic  fields." 

Laboratory  Studies  -  Conclusion 

This  section  has  discussed  laboratory  research  in  the  areas  of  carcinogenesis,  reproduction, 
and  general  health,  identified  above  in  the  discussion  of  epidemiology  as  areas  of  concern 
regarding  the  health  of  humans  exposed  to  AC  electric  and  magnetic  fields.  To  date, 
evidence  for  adverse  effects  in  exposed  human  populations  is  lacking,  although  several 
epidemiologic  observations  have  aroused  concern,  particularly  in  the  area  of  carcinogenesis. 
The  laboratory  research,  though  reporting  differences  between  exposed  and  unexposed 
groups  in  selected  experiments,  has  not  uncovered  effects  that  may  be  construed  as  adverse. 
These  experiments  have  not  demonstrated  that  ambient  exposure  levels  produce  hazardous 
environmental  conditions  for  residents  near  a  transmission  line  right-of-way. 


RECENT  EXPERT  PANEL  REPORTS 

Three  reviews  appeared  in  the  past  year: 

•  the  background  paper  prepared  for  the  U.S.  Office  of  Technology  Assessment 
(Nair  et  al,  1989) 

•  the  report  to  the  California  State  Legislature  by  the  California  Public  Utilities 
Commission  in  cooperation  with  the  state's  Department  of  Health  Services 
(CPUC/CDHS,  1989) 

•  the  Interim  Guidelines  on  Limits  of  Exposure  to  50/60  Hz  Electric  and  Magnetic 
Fields  proposed  by  the  International  Radiation  Protection  Association  and  the 
International  Non-ionizing  Radiation  Comnuttee  (IRPA/INIRC,  1990) 

These  reports  are  consistent  with  previous  expert  panel  reports  in  several  major  issues.   None 
concluded  that  there  is  convincing  evidence  the  electric  or  magnetic  fields  pose  health  risks. 
All  three  groups  stated  that  electric  and  magnetic  fields  may  be  associated  with  biological 
responses,  although  these  responses  do  not  have  public  health  implications,  and  all  three 
reports  reflected  concern  with  the  scientific  complexity  and  emphasized  a  need  for  additional 
research. 

Some  differences  in  orientation  found  in  these  3  reports  and  preceding  expert  panel  reports 
are  as  follows:  The  U.S.  OTA  contractor  recommends  a  strategy  for  future  research;  the 
California  State  agencies  define  specific  research  studies,  as  directed  in  the  legislation  that 
authorized  the  report,  and  IRPA/INIRC  recommends  to  limit  continuous  electric  or  magnetic 
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fields  exposures  to  levels  below  those  which  induce  current  densities  comparable  to  those 
currents  that  flow  naturally  in  the  body  (e.g.,  heart  and  brain)  during  normal  activities. 

Office  of  Technology  Assessment 

The  subcommittee  on  Water  and  Power  Resources  of  the  U.S.  House  Subcommittee  on 
Interior  and  Insular  Affairs  requested  the  U.S.  Office  of  Technology  Assessment  (OTA)  to 
review  the  data  on  health  effects  associated  with  high  voltage  transmission  lines.  The  OTA 
contracted  with  the  Department  of  Engineering  and  Public  Policy  at  Carnegie  Mellon 
University  to  prepare  a  background  paper,  which  was  reviewed  by  six  other  scientists  and 
published  by  OTA  (Nair  et  al,  1989).  The  backgroimd  paper  presents  the  authors'  analysis  of 
the  scientific  data  and  their  suggestions  for  policy  alternatives.^ 


Scientific  Conclusions 

Nair  et  al  (1989)  provide  a  compilation  of  the  laboratory  data  on  the  effects  of  electric  and 
magnetic  fields  on  several  endpoints  in  cells  and  in  whole  animals,  and  offer  some  general 
conclusions  on  the  effects  on  the  central  nervous  system  and  on  the  promotion  of  cancer. 
Nair  et  al  conclude  that  it  is  not  clear  whether  responses  of  the  central  nervous  system  in 
whole  animals  exposed  to  power  frequency  fields  are  deleterious  or  even  long-lasting.  This 
is  consistent  with  the  concept  described  elsewhere  in  this  report,  that  biologic  responses  may 
occur  that  are  not  adverse,  do  not  affect  function,  and  may  be  within  normal  ranges  for  these 
parameters.  The  report  concludes  "How  and  whether  these  findings  have  public  health 
implications  remains  unclear.  What  is  clear  is  that  these  findings  about  subtle  and  complex 
effects  demand  a  carefully  planned  research  agenda..." 

Similarly,  Nair  et  al  (1989)  discuss  the  question  of  cancer  promotion.  Their  summary  focuses 
on  hypothetical  tumor  promotion  mechanisms  rather  than  the  weight  of  the  experimental 
evidence.  Thus,  the  authors  state  "While  the  above  arguments  are  consistent  with  the 
hypothesis  that  ELF  fields  may  play  a  role  in  cancer  or  tumor  development,  none  of  these 
constitutes  proof  or  even  necessarily  a  strong  indication  that  it  does." 


^  This  report  is  a  background  paper.  As  stated  on  the  cover  of  this  report:  "As  an  OTA 
background  paper,  it  has  not  been  reviewed  or  approved  by  the  Technology  Assessment  Board. 
The  findings  and  conclusions  expressed  in  this  report  are  those  of  the  authors  and  do  not 
necessarily  reflect  the  views  of  OTA,  the  electric  power  project  advisory  panel,  or  the  Technology 
Assessment  Board." 
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Policy  Recommendations 

Despite  a  consistent  lack  of  evidence  supportive  of  adverse  effects,  the  authors  favor  a  policy 
option  of  "prudent  avoidance"  of  field  exposures.   Nair  et  al  (1989)  are  in  agreement  with 
previous  panel  reports  in  concluding  that  there  is  insufficient  data  for  regulators  to  set 
science-based  standards,  except  perhaps  heuristic  ones  based  on  similarity  approaches,  such 
as  proposed  by  IRPA/INIRC.  This  is  the  context  in  which  "prudent  avoidance"  is  presented 
by  Nair  et  al  (1989).  The  implication  is  that,  in  the  face  of  uncertainty,  reasonable  people 
may  choose  to  avoid  exposure,  particularly  when  it  is  not  costly  or  excessively  difficult. 
Although  superficially  there  appears  to  be  little  to  disagree  with  this  position,  considerable 
confusion  has  been  engendered  by  this  suggestion. 

Confusion  has  arisen  in  the  interpretation  of  the  terms  "prudence",  "prudent  investment",  and 
"reasonable  costs",  because  all  of  these  terms  are  highly  subjective,  and  potentially  misleading 
when  taken  out  of  the  context  of  the  report.   Nair  et  al  (1989)  have  evaluated  a  large  body  of 
data  that  is  sufficiently  unconvincing  to  warrant  public  policy  decisions.   The  standard  and 
responsible  regulatory  approach  would  be  to  await  the  results  of  ongoing  research  that  was 
conceived  to  fill  in  the  gaps  that  are  recognized  in  the  report.  The  goal  is  to  obtain  data  such 
that  appropriate  authorities  can  either  communicate  strong  assurances  about  the  lack  of 
significant  health  risk  to  the  public,  or,  recommend  regulation  and  mitigation  strategies  for 
specific  characteristics  of  electric  and  magnetic  fields  that  have  potential  for  harm. 

California  Public  Utilities  Commission,  In  Cooperation  with 
the  California  Department  of  Health  Services  (1989) 

A  bill  in  the  California  Senate  instructed  the  California  Public  Utilities  Commission  (CPUC) 
and  the  Department  of  Health  Services  (DHS)  to  submit  a  report  to  the  Legislature  on 
medical  risks  which  may  be  related  to  exposure  to  electric  or  magnetic  fields.   Eight  scientists 
were  contracted  to  perform  a  critical  assessment  of  the  scientific  literature  on  possible  health 
effects  of  electric  and  magnetic  fields  and  to  recommend  research  priorities.  These 
assessments  covered  topics  identified  as  the  major  areas  of  concern  related  to  electric  power 
facilities:   epidemiologic  studies,  laboratory  data  and  biophysical  models,  learning  and 
behavioral  effects,  reproductive  and  developmental  effects,  and  circadian  rhythm  effects. 

These  reports  by  scientists  independent  of  the  utility  industry  were  distributed  for  public 
comment,  and,  subsequently,  submitted  to  the  Legislature  along  with  recommendations  for 
high  priority  research.  The  report  stated  that  the  evidence  warrants  further  investigation  and 
the  DHS  should  conduct  research  in  those  high  priority  areas  in  order  to  obtain  independent 
evaluation  of  issues  raised  by  existing  studies.  The  agencies  concluded  that  the  State  should 
not  issue  regulations  because  too  little  is  known.  The  reasoning  was: 

"...  Existing  research  data  are  not  sufficient  for  adequate  accurate  risk  assessment.  We 
do  not  know  which  components,  if  any,  of  electric  power  utility  operations  pose 
significant  health  hazards.   Although  biological  effects  are  clearly  established  [in  some 
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laboratory  studies],  the  relationship  of  these  effects  to  possible  public  health  risks  is 
not  yet  established." 

International  Non-ionizing  Radiation  Committee  of  the 
International  Radiation  Protection  Association  (IRPA/INIRC) 
Guidelines 

In  1974,  the  International  Radiation  Protection  Association  GRPA)  formed  a  working  group 
on  non-ionizing  radiation,  which  was  subsequently  formalized  in  the  International  Non- 
ionizing Radiation  Committee  (IRPA/INIRC).   "Based  on  the  Environmental  Health  Criteria 
Documents....  the  IRPA/INIRC  recommends  guidelines  on  exposure  limits,  drafts  codes  of 
safety  practice,  and  works  in  conjunction  with  other  international  organizations  to  promote 
safety  and  standardization  in  the  non-ionizing  radiation  field."  (quote  excerpted  from  preface 
to  WHO,  1987)  The  committee  had  broad  international  representation,  with  members  from 
France,  the  Federal  Republic  of  Germany,  The  Netherlands,  U.S.,  Italy  Sweden,  Great  Britain, 
and  Australia.  The  IRPA/INIRC  guidelines  are  based  on  a  comprehensive  review  of  the 
epidemiologic  literature,  as  well  as  the  available  data  from  laboratory  experimentation  on 
human  volunteers,  whole  animals,  tissues  and  cells. 

In  January  1990,  IRPA/INIRC  published  "Interim  Guidelines  on  Limits  of  Exposure  to  50/60 
Hz  Electric  and  Magnetic  Fields."  The  basic  objective  of  the  IRPA/INIRC  criteria  is  to  limit 
continuous  electric  or  magnetic  fields  exposures  to  levels  below  those  which  induce  current 
densities  comparable  to  those  currents  that  flow  naturally  in  certain  portions  of  the  body 
(e.g.,  heart  and  brain)  due  to  normal  physiologic  activity.  In  addition,  the  criteria  call  for  a 
distinction  between  exposures  to  occupational  groups  and  exposures  to  the  public,  with  the 
general  population  exposure  limits  lower  than  the  occupational  limits. 

The  IRPA/INIRC  guidelines  are  shown  in  Table  EMF-11.  The  guidelines  permit  continuous 
exposures  of  the  general  public  to  5  kV/m  and  1,000  mG,  with  higher  limits  imposed  for 
shorter  exposure  periods.  Occupational  exposures  are  limited  to  10  kV/m  and  5,000  mG  for 
continuous  exposure  during  the  work  day,  with  higher  limits  imposed  for  shorter  exposure 
periods. 

The  committee  concluded:   "Although  some  epidemiological  studies  suggest  an  association 
between  exposure  to  50/60  Hz  fields  and  cancer,  others  do  not.   Not  only  is  this  association 
not  proven,  but  present  data  do  not  provide  any  basis  for  health  risk  assessment  useful  for 
the  development  of  exposure  limits.-.Current  laboratory  studies  are  testing  the  hypothesis 
that  50/60  Hz  fields  may  act  as,  or  with,  a  cancer  promoter.  These  studies  are  still 
exploratory  in  nature  and  have  not  established  any  human  health  risk  from  exposure  to  these 
fields." 
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Regulatory  Activity 

Several  states  have  limited  the  strength  of  the  electric  and/or  magnetic  field  within 
transmission  line  rights-of  way  and  also  at  their  edge.  This  establishment  of  regulations 
differs  from  the  usual  regulatory  approach  because  no  clear  demonstration  of  a  hazard  has 
been  shown  for  electric  and  magnetic  fields.  The  levels  adopted  by  various  states  are  shown 
in  Table  EMF-12. 

Florida  is  the  only  state  that  has  finalized  limits  on  magnetic  fields  from  transmission  lines. 
As  the  table  shows,  the  limits  for  edge  of  right-of-way  magnetic  fields  in  Florida  are  150  mG 
for  230kV  lines  (or  lower  voltages),  200  mG  for  500kV  single  circuit  lines,  and  250  mG  for 
double  circuit  500kV  lines.   (These  limits  are  roughly  50  or  more  times  greater  than  the 
background  magnetic  fields  fotmd  in  homes.) 

On  September  11, 1990  in  New  York  State,  the  Public  Service  Commission  accepted  a 
proposed  statement  of  interim  policy  which  establishes  a  200  mG  edge  of  right-of-way 
magnetic  field  standard.  These  field  limits  were  not  chosen  on  the  basis  of  scientific  evidence 
of  hazard,  but  because  these  levels  are  produced  by  many  already  existing  345kV  lines. 
Thus,  it  preserves  the  'status  quo'.   In  addition,  the  accepted  interim  poUcy  clarifies  the 
application  of  the  standard  when  no  right-of  way  applies  or  when  multiple  circuits  exist  on  a 
corridor.    The  current  electric  field  limit  in  New  York  State,  set  in  1978,  is  also  based  on  a 
'status  quo'  philosophy. 

In  California,  the  School  Facilities  Planning  Division  of  the  state's  Board  of  Education  issued 
in  1989  a  "Schools  Site  Selection  and  Approval  Guide,"  which  addresses  school  siting  relative 
to  transmission  lines.  Setback  distances  from  easements  are  recommended  depending  on  a 
particular  line's  voltage:  100  feet  for  100-to-llO-kV  lines,  150  feet  for  220-to-230-kV  lines,  and 
250  feet  for  345-kV  lines. 
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TABLE  EMF-2 
Electric  Field  Calculations 

Calculated  electric  fields  for  the  proposed  Southwest  Intertie  Project  500kV  line  operated  at 
maximum  voltage.  Minimum  clearance  associated  with  a  conductor  temperature  of  120°  F 
(49°  C)  has  been  used.  Calculated  fields  are  reported  as  the  maximum  level  on  the  right-of-way 
(PEAK)  and  at  the  edge  of  the  right-of-way  (ROW).  The  values  at  the  edge  of  the  proposed 
ROW  are  reported  last. 


Electric  Field,  kV/m 

Existing  Corridor 

Proposed  Corridor 

Case 

Figure 

ROW 
Width,  ft. 

Peak 

ROW 

ROW 
Width,  ft. 

Peak 

ROW 

0 

EMF-1 

200 

8.4 

1.9 

1 

EMF-2 

60 

1.9 

1.4 

260 

8.4 

1.6,  1.9 

2 

EMF-2 

150 

6.2 

0.9,  1.3 

350 

8.4 

0.9,  2.0 

3 

EMF-2 

150 

6.2 

0.9, 1.3, 

350 

8.4 

0.9,  2.0 

4 

EMF-2 

140 

6.9 

1.4 

340 

8.4 

1.5,  1.9 

5 

EMF-2 

200 

7.0 

1.4,  1.4 

400 

8.4 

1.5,  1.9 

6 

EMF-2 

200 

7.1 

1.5,  1.9 

400 

8.4 

1.5,  1.9 

7 

EMF-2 

285 

7.7 

1.3,2.3 

485 

8.4 

1.3,2.0 

8 

EMF-2 

175 

7.7 

2.3 

375 

8.4 

2.3,  2.0 

9 

EMF-2 

125 

2.5 

0.8 

325 

8.4 

0.8,  1.9 

10 

EMF-2 

280 

4.2 

1.0,  1.3 

480 

8.4 

1.0,  1.9 

11 

EMF-2 

230 

4.2 

1.0,  1.3 

430 

8.4 

1.1,1.9 

12 

EMF-2 

150 

DC 

DC 

350 

8.4 

1.9 

13 

EMF-2 

260 

2.2 

1.3,  .04 

460 

8.4 

1.3,  1.9 

14 

EMF-2 

110 

2.2 

1.3,  1.3 

310 

8.4 

1.4,  1.9 

15 

EMF-2 

120 

4.2 

1.0 

320 

8.4 

1.1,1.9 

16 

EMF-2 

100 

0.8 

0.2 

300 

8.4 

0.4,  1.9 

1  of  1 


TABLE  EMF-3 

Range  of  Maximum  Electric  Fields  in  kV/m 
Near  High  Voltage  Facilities 


Substations 
kV/m 

System  Voltage 
kV 

Transmission  Lines 
kV/m 

Substations 
kV/m 

a)  Worldwide  * 

330 

5 

7.5  -  10 

400 

3.0-11.5 

11.0  -  22.5 

500 

6.5  -  10 

8.5  -  15 

750 

8.0  - 15 

9.0  -  25 

b)  US** 

23 

0.01  -  0.05 

115 

01.-2.0 

345 

2.3  -  5.6 

7.5 

500 

8 

8.5 

765 

10 

9 

Gary  et  all,  1986 
**      Deno  &  Zaffanella,  1982 
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TABLE  EMF-4 

Typical  60-Hz  Electric  and  Magnetic  Fields 
Near  Transnnission  Lines* 


Electric  Field 
(kV/m) 

Magnetic  Flux 
Density  (mG) 

Transmission  Line 

765kV,  maximum  level 

12 

300 

765kV,  edge  of  right-of-way 

2 

70 

500kV,  maximum  level 

9 

300 

500kV,  edge  of  right-of-w^ay 

2 

100 

230kV,  maximum  level 

3 

150 

230kV,  edge  of  right-of-v^ay 

1 

30 

115kV,  maximum  level 

2 

150 

Distribution  Lines 

0.01  -  0.1 

1  -10 

These  levels  are  representative  and  for  sake  of  example  only.   Actual  field  levels  will 
depend  on  design  and  operating  conditions. 
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TABLE  EMF-5 

Magnetic  Field  Calculations 

Calculated  magnetic  fields  in  milligauss  (mG)  for  the  proposed  Southwest  Intertie  Project 
500kV  line.   A  minimum  clearance  associated  with  a  conductor  temperature  of  120°  F 
(49°  Oand  the  maximum  continuous  current  at  the  proposed  line  have  been  used. 
Calculated  fields  are  reported  as  the  maximum  level  on  the  right-of-way  (PEAK)  and  at  the 
edge  of  the  right-of-way  (ROW).  Calculated  values  for  both  average  current  and  maximum 
continuous  current  are  given.   Fields  for  maximum  ciirrent  conditions  are  given  in 
brackets  [  ]. 


Magnetic  Field,  kV/m 

FnlnMng  Corridor 

Propoaed  Corridor 

Caic 

Figure 

ROW  Width,  fk. 

Peak 

ROW 

ROW  Width,  ft. 

Peak 

ROW 

0 

EMF-1 

200 

117 
(234) 

27 
(SS) 

1 

EMF-2 

60 

44 

189) 

21 
(421 

260 

116 
(232) 

29,28 
(59,55) 

2 

EMF-2 

150 

44 

1100) 

11,15 
(341 

350 

118 
(237) 

15,28 
(43,  56) 

3 

EMF-2 

ISO 

44 

11001 

11,15 
(341 

350 

118 
(237) 

15,28 
(43,  56] 

4 

EMF-2 

140 

66 

(136) 

14 
(291 

340 

115 
(2301 

19,28 
(38,  56) 

5 

EMF-2 

200 

64 
(1321 

24,15 
(47,  311 

400 

115 
(2301 

26,28 
(51, 56) 

6 

EMF-2 

200 

67 
11371 

25,19 
(50,  391 

400 

115 
(229) 

27,29 
(54.57) 

7 

EMF-2 

2BS 

137 
(2741 

19,37 
(44,751 

485 

131' 
(262)' 

20,31 
(48,  61) 

8 

EMF-2 

175 

139 
(2771 

37 
(74) 

375 

133* 
(2671' 

40,31 
(80.  611 

9 

EMF-2 

I2S 

•• 

(1751 

(471 

325 

113 
(229) 

26,30 
(56,57) 

10 

EMF-2 

280 

246 
(3011 

54,6 
(66, 121 

480 

244* 

(297)' 

55,28 
(70, 56) 

11 

EMF-2 

230 

246 
(3011 

54,9 
(67,151 

430 

243 
(296) 

56,29 
(71,  561 

12 

EMF-2 

150 

- 

- 

350 

117 
(234) 

4,27 
(9,55) 

13 

EMF-2 

260 

7 
(211 

3,0 

(9,11 

460 

117 
1233) 

4,27 
(12,  55) 

14 

EMF-2 

110 

7 
(1211 

3 
(91 

310 

117 
(233) 

8,27 
(20,55) 

15 

EMF-2 

120 

247 
(3021 

54 
(661 

320 

240" 
(290)' 

59,30 
(76,  581 

16 

EMF-2 

100 

26 
(321 

4,0 
(6) 

300 

117 
(233) 

11,27 
(19,  SSI 

Occurs  under  existing  line. 

Average  currents  for  existing  line  not  provided.  Fields  estimated  for  proposed 

corridor. 
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TABLE  EMF-6 

States  with  Transmission  Line  Field  Linnts 
[TDHS  Report,  1989;  TDHS  Report,  1990] 


STATH  AGENCY 

WllHIN 

AT  EDGE  OF 

RIGHT-OF- 

RIGHT-OF- 

WAY 

WAY 

a.  60-Hz  Electric  Field  Limit,  kV/m 

Florida  Department  of 
Environmental 

8(<230kV) 
10(500kV) 

2 

Regulation 

Minnesota  Environmental 

8 

Quality  Board 

Montana  Board  of 

.      7^ 

1' 

Natural  Resources  and 

Conservation 

New  Jersey  Department 
of  Environmental 

3 

Protection 

New  York  State  Public 

11.8 

1.6 

Service  Commission 

(7,11)" 

North  Dakota  Public 

9 

Service  Commission 

Oregon  Facility  Siting 
Council 

9 

b.  60-Hz  Magnetic  Field  Limit,  mG 

Florida  Department  of 
Environmental 

150  (<230kV) 
200  (500kV) 

Regulation 

COMMENTS 


Codified  regulation,  adopted  after 
a  public  rulemaking  hearing  in 
1989. 

12  kV/m  limit  on  the  HVDC 
nominal  electric  field. 

Codified  regulation,  adopted  after 
a  public  rulemaking  hearing  in 
1984. 

Used  only  as  a  guideline  for 
evaluating  complaints. 

Explicitly  implemented  in  terms  of 
a  spjecified  right-of-way  width. 

33  kV/m  limit  on  the  HVDC  total 
electric  field. 

Codified  regulation,  adopted  after 
a  public  rulemaking  hearing  in 
1980. 


Codified  regulations,  adopted  after 
a  public  rulemaking  hearing  in 
1989. 


New  York  State  Public 
Service  Commission 


200 


Adopted  August  29, 1990. 


"    Landowner  may  waive  limit 
**    At  road  crossings 


TABLE  EMF-7 


Common  Noise  Levels 


Sound  Level,  dBA 

Noise  Source  or  Effect 

140 

Near  military  jet  at  takeoff 

128 

Threshold  of  pain 

108 

Discotheque 

84 

Busy  street 

70 

Gas  lawnmower  at  100  ft. 

64 

Man's  voice  at  3  ft. 

50-53 

Edge  of  proposed  500kV  right  of  way 
during  rain 

50 

Moderate  rainfall  on  foliage 

48 

Average  residence  (daytime) 

25 

Bedroom  at  night 

20 

Grand  Canyon,  North  rim 

0 

Hearing  threshold 

Source:   Lee  et  al.,  1989;  Bershader,  1981. 
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TABLE  EMF-8 


Typical  sound  attenuation  in  decibels  provided  by  buildings 


Windows  opened 

Windows  closed 

Warm  climate 

12 

24 

Cold  climate 

17 

24 

Source:   EPA,  1978. 
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TABLE  EMF-9 

Predicted  Audible  Noise  Levels  at  Edge  of  Right-of-Way 

During  Foul  Weather 

Predicted  audible  noise  levels  at  edge  of  right-of-way  during  foul  weather  for  proposed 
Southwest  Intertie  Project  500kV  transmission  line.   Noise  levels  expressed  in  decibels  on  the 
A-weighted  scale  (dBA).   L50  and  L5  denote  the  levels  exceeded  50  and  5  percent  of  the  time, 
respectively. 


Case 

Figure 

EXISTING  CORRIDOR 

PROPOSED  CORPODOR 

ROW, 
Ft. 

Edge  of  ROW 
Foul  weather,  dBA 

ROW, 
ft. 

Edge  of  ROW 
Foul  weather,  dBA 

L50 

L5 

L50 

L5 

0 

EMF-1 

200 

50 

54 

1 

EMF-2 

60 

41 

45 

260 

49,50 

52,54 

2 

EMF-2 

150 

54,56 

57,59 

350 

54,53 

58,56 

3 

EMF-2 

150 

54,56 

57,59 

350 

54,53 

58,56 

4 

EMF-2 

140 

51 

54 

340 

52,51 

55,55 

5 

EMF-2 

200 

49,51 

52,54 

400 

50,51 

54,55 

6 

EMF-2 

200 

49,52 

53,55 

400 

51,51 

54,55 

7 

EMF-2 

285 

53,55 

56,  598 

485 

54,53 

57,56 

8 

EMF-2 

175 

54 

58 

375 

55,53 

58,56 

9 

EMF-2 

125 

49 

52 

325 

51,51 

54,54 

10 

EMF-2 

280 

50,48 

54,51 

480 

51,51 

55,55 

11 

EMF-2 

230 

50,48 

54,52 

430 

51,51 

55,55 

12 

EMF-2 

150 

28  (dc) 

31  (dc) 

350 

46,50 

49,54 

13 

EMF-2 

260 

46,40 

49,43 

460 

48,50 

52,54 

14 

EMF-2 

110 

47 

51 

310 

51,52 

54,55 

15 

EMF-2 

120 

53 

57 

320 

55,52 

58,56 

16 

EMF-2 

100 

Ambient 

Ambient 

300 

47,50 

50,54 
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TABLE  EMF-10 

Predicted  Radio  Interference  Levels  During  Fair  Weather 

Predicted  radio  interference  levels  from  proposed  Southwest  Intertie  Project 
500kV  transmission  line  during  fair  weather  at  100  feet  from  the  outside  conductor.  RI  levels 
at  1.0  MHz  expressed  in  decibels  above  1  microvolt /meter  (dB  V/m).  L50  denotes  level 
exceeded  50  percent  of  the  time  during  specified  weather  condition. 


Case 

Figure 

EXISTING  CORRIDOR 

PROPOSED  CORRIDOR 

ROW, 
Ft. 

Foul  weather 
AN,  dBA 

ROW, 
Ft. 

Foul  weather, 
AN,  dBA 

L50 

L50 

0 

EMF-1 

- 

200 

36 

1 

EMF-2 

60 

25 

260 

38,36 

2 

EMF-2 

150 

38,42 

350 

38,36 

3 

EMF-2 

150 

38,42 

350 

38,36 

4 

EMF-2 

140 

40 

340 

40,36 

5 

EMF-2 

200 

33,40 

400 

33,36 

6 

EMF-2 

200 

30,37 

400 

30,36 

7 

EMF-2 

285 

33,41 

485 

33,36 

8 

EMF-2 

175 

41 

375 

41,36 

9 

EMF-2 

125 

36,35 

325 

36 

10 

EMF-2 

280 

32,30 

480 

32,36 

11 

EMF-2 

230 

32,30 

430 

32,36 

12 

EMF-2 

150 

DC  Line 

350 

26,36 

13 

EMF-2 

260 

30 

460 

30,36 

14 

EMF-2 

110 

32 

310 

32,37 

15 

EMF-2 

120 

36 

320 

36,37 

16 

EMF-2 

100 

- 

300 

28,37 
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TABLE  EMF-11 

IRPA/INIRC  Exposure  Guidelines 


EXPOSURE 

ELECIRIC  FIELD 

MAGNETIC  HELD 

CHARACl  ERISTICS 

(kV/m) 

(G) 

Occupational 

- 

Whole  working  day 
Short  term 

10 
30 

5 
50 

For  limbs 

~~ 

250 

General  Public 

Up  to  24  hr/day 
Few  hours  per  day 

5 
10 

1 
10 

Adapted  from  IRPA,  1990. 
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Mileage  of  Existing  Transmission  Facilities  Paralleled  by  SWIP 

Appendix  A  lists  the  mileage  along  tranmission  line(s)  paralleled  by  the  SWIP  alternative 
study  corridors.   The  appendix  lists  each  Link,  the  parallel  "case"  number,  and  the  mileage 
associated  with  each  case. 
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